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(57) Abstract: The invention relates to analytical chemistry and to quantitative immuno -chemical analysis, in particular to a method 
for immunochemical^ quantitatively detecting different biological toxins by using biological microchips. Said biological microchip 
is embodied in the form of an ordered collection of three-dimensional hydro-helium cells placed on a solid substrate which are pro- 
duced by a photo-and chemically induced polymerisation method and contain immobilised antibodies to different bacterial, vegetable 
and animal biotoxins or biotoxins. The use of the microchips makes it possible to analyse a sample simultaneously with respect to 
several biotoxins. The inventive method for detecting biotoxins can be used for medicine, the food industry and for environment 
protection. 

(57) Pe<|)epaT: H3o6peTeHMe othocmtcji k o6jiacTM aHajinriiHecKOH 6moxmmmm m KOJiMnecTBeHHOMy HMMyHOXMMMHecKOMy 
aHajiH3y m Kacaercfl cnoco6a KOJiMnecTBeHHoro o6Hapy>KeHMfl pa3JiM4HBix 6MOJion4HecKMx tokchhob HMMyHOXHMMHecKMM 
MeTOAOM c Mcnojib30BaHMeM 6nojiorMMecKMx MHKpOMMnoB. EiiOJiorMHecKMii MMKpOHun npe^CTaBJiiieT co6om ynopjmo4eHHbui 
Mace hb TpexMepHBix riiAporeneBBix aneeK Ha TBep^on no^jio>KKe, nojiYneHHtix mcto^om (])oto- mjim xmmmhcckm m h /jy MMp o b aHH o ii 

nOJlMMepM3am4M M COAep>KaUIMX MMM06MJlM30BaHHbie aHTMTeJia K pa3JlM4HbIM SllOTOKCMHaM 6aKTepliaJlbHOrO, paCTMTeJIBHO M 

^cMBOTHoro npOMCxo^neHMH mjim Smotokcmhbi. npMMeHeHMe MMKpOHMnoB no3BOJiaeT o^HOBpejvieHHO aHajiM3MpOBaTb o6pa3eu Ha 
HajiMHMe HecKOJibKMX 6motokcmhob. npezuiaraeMBiM cnoco6 o(5Hapy>KeHMJi 6motokcmhob mo^kct 6biTb Mcnojib30BaH b Me^MMMHe, 
b nwmeBOii npOMbiuiJieHHOCTM, b oxpaHe OKpy^caiou;eM cpe^bi. 
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CnOCOB KOJIBTqECTBEHHOrO OBHAPy^CEHBOI BHOJIOrBWECKHX 

TOKCHHOB 

OGjiacTb TexHHKH, k KOTopoH OTHocHTC^ HsoGpeTeHHe 

HsoGpereHHe othochtc* k aHaJiHTHHecKoS Ghoxhmhh h KOJinnecTBeHHOMy 
HMMyHOXHMHnecKOMy aHajiH3y h KacaeTCH KOJinnecTBeHHoro oGHapy^efflra pa3JiHHHbix 

GHOJIOrHHeCKHX TOKCHHOB HMMyHOXHMH^eCKHM MeTOAOM C HCnO JTB3 OB aHHeM TpeXMepHBIX 

MHKpoHHnoB Ha ocHOBe rHftporeiieH. 

npeAJiaraeMBiH cnoco6 oGHapy>KeHH# Ghotokchhob MO>Kex 6bitb ncnojibsoBaH b 
MeaHij;HHe, b nHmeBOH np ombiiii jieHHO cth, b oxpaHe OKpy^aforqefi cpeAbi. B HacTO#m;ee 
BpeMH paspaGoTKa Gbicrpbix h nyBCTBHTejibHbix MeTO^OB aHajiH3a GHOJioranecKHx 
tokchhob npnoGpeTaeT Ba^cHoe 3HaneHHe b cbhsh c yrposofi 6HOTeppopn3Ma, TaK KaK 
MHorne npHpo^HBie tokchhbi Moryr 6bitb HcnojibsoBaHbi b KanecTBe KOMnoHeHTOB 
GnojiorH^ecKoro opy>KH5i. 

ypQBeHB TeXHHKH 

B HacTOiffijee BpeMa xopoino hsbccthbi MHorae GaKTepnajibHbie, pacTiiTejiBHBie h 

>KHB OTHBie TOKCHHBI, oGjia^aiOmHe CHJIbHbIM TOKCHHeCKHM ^eHCTBHeM Ha HeJIOBCHeCKHH 

opraHH3M. K Han6ojiee chjibhbim TOKCHHaM, npoflyipipyeMbiM MHiqp o op rami3 m aMii, 

OTHOCHTCH 60TyJIHHHHeCKHH ? CTOJiGh^HHBIH H XOJiepHblH TOKCHHbi; H3 TOKCHHOB 

pacTHTejibHoro npoHcxoxcfleHH* HanGoJiee cHJibHbiMH ^bxdhotch phijhh h aGpHH. 
CynjecTByeT Taioice mho^kcctbo tokchhob, ceKperapyeMbix ^obhtbimh >khbothbimh: 
3MG5IMH, nayKaMH ? CKOpnnoHaMH h t.r. Eojibihhhctbo Ghotokchhob HMeiOT 
nojinnenTH^Hyio npHpo,ny, OAHaKO H3BecTHbi h HH3KOMOJieKyjiapHbie co s^hhghhh, 
HMeiomne BbicoKyio tokchhhoctb, HanpHMep, tctpo^otokchh (nraoGpioxHe pbiGbi), T-2 
tokchh (rpnGbi), tokchhm cHHe-3ejieHbix BO#opocjieH. 

JSflK HAeHTH(J)HKaqHH h aHajiH3a KaK caMHX tokchhob, TaK h opraHH3MOB, KOTopbie 
hx BbipaGaTbiBaiOT, b HacTOJimee BpeMH HcnojibsyfOTC* pa3JiHHHbie jiaGopaTopHbie 
Meroftbi, BKjiioHaiOD^He TecTbi Ha >khbothbix ? MHKpoGnojiorHHecKHe MeTOflbi, aHajiH3 ^HK 
c Hcno jibs o b aHHeM imp, HMMyHOJiorHnecKHe MeTO^Bi: npjiMOH h Henp^MOH 

pa^HOHMMyHOJIOrHHeCKHH, HMMy HO (|) Jiy O p eCIJ|eHTHbIH H HMMy HO (J) epMeHTHblH aHajIH3. 

HanGonee ny b ctb HTCJibHbiM, GbicTpbiM h ynpGHbiM mctoaom aHajinsa tokchhob xBJixercx 
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HMMyHOXHMHHeCKHH MeTOfl C HCnOJIB30BaHHeM aHTHTeJI npOTHB TOKCHHOB. 

HyBCTBHTejibHOCTb HMMyHO aHajiHS a 6hotokchhob c HcnojibsoBaraieM KjiaccpinecKoro 
"nnaineHHoro" BapnaHTa AOcraraeT 0,01-1 Hr BemecTBa b 1 mji HcaneAyeMoro pacTBopa 
(HanpHMep, b cjiynae pragma [1], cracjDHJioKOKKOBoro 3HTepOTOKCHHa B [2], 

£H(|)TepHHHOrO TOKCHHa [3]). 

[1] M.A. Poli, V.R. Rivera, J.F. Hevetson, G.A. Merril, Detection of ricin by colorimetric 
and chemiluminescence ELISA, Toxicon, 1994, 32, 1371-1377. 

[2] M.A. Poli, V.R. Rivera, D. Neal, Sensitive and specific colorimetric ELISAs for 
Staphylococcus aureus enterotoxins A and B in urine and buffer, Toxicon, 2002, 40, 1723- 
1726. 

[3] K.H. Engler, A. Efstratiou, Rapid enzyme immunoassay for determination of 
toxigenicity among clinical isolates of corynebacteria, J. Clin. Microbiol, 2004, 38, 1385- 
1389. 

TpaAHipioHHBie HMMyHOJioranecKHe Mero^Bi He no3BOjraioT np ob o ahtb 
OAHOBpeMeHHBiH TecT Ha Hararaie hcckojibkhx tokchhob b o6pa3u;e, nosTOMy cynjecTByeT 
Heo6xoAHMOCTB pa3pa6oTKH 6BicTporo, ny b ctb riTe jib ho ro H S^^eKTHBHOrO MeTO^a 
o^HOBpeMeHHoro napajuiejiBHoro aHajiH3a. napajuiejiBHBiH aHajiH3 o6pa3n;oB Ha 
npHcyTCTBiie hcckojibkhx c o e ahh chhh flocTHraeToa npn HcnojiBSOBaraiH mhkpohhiiob - 
MaccHBOB HH^BHAyaJiBHBix aneeK, coAep:>Kaiu;Hx pasjniHHBie sohabi (6eincH, peijeirropbi, 
aHTHTena, aHTHreHBi h pp.). npOBeAemie oAHOBpeMeHHoro aHajiH3a o6pa3u;a no mhothm 
napaMeTpaM, 3HaHHTejiBHO y b e jihhhb aeT 3 (|) c[) ckthbho ctb aHanHsa, no3BOJiiieT 

MHHHaTK)pH3HpOBaTB npOBe^eHHe HCCJieflOBaHHH H 3HaHHTeJIBHO CHH^ECaeT KOJIHHeCTBO 

HCCJie^yeMoro MaTepHana. 

OrmcaHO npiiMeHeHHe heoiob p a3 jihhhoh KOHcrpyKijHH ajih AereKipiH 
6HOJiorHnecKHX tokchhob. J\nx. o^HOBpeMeHHoro HMMyHonorn^ecKoro onpeAejieHHH 
GnojiorHHecKHx tokchhob npeAJio>iceH HHn-6HoceHcop Ha ocnoBe hmmo 6hjih3 o b aHHtix 
aHTHTen npOTHB Shotokchhob [4]. 

[4] RS. Ligler, C.R. Taitt, L.C Shriver-Lake, K.E Sapsford, Y. Shubin, J.P. Golden, Array 
biosensor for detection of toxins, Anal. Bioanal. Chem., 2003, 377, 469-477. 
EHOHHn cocto^ji H3 AByx sjieMeHTOB (6jeokob). Ha no b epxHO cth npeAMeraoro CTeKjia 
pacnojiarajm KaHaJiBi c hmmo 6h jih3 o b aHHMMH aHTHTe jiaMH . Hmmo 6h jih3 auira 
npoBOAHJiacB nyTeM o6pasoBaHHK KOMnjieKca aBHAHH - 6hothhhjihp ob aHHBie aHTHxejia. 
Tokchhbi 6excKOBOH npnpoABi aHanH3 Hp o b ajiH c noMonjbio cs h abhh- aHa jih3 a c 
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HcnoJibSOBaHHeM napbi cooTBeTCTByiomHx aHTHTeji. PacTBOpbi aHrareHOB h 
(|>jiyopeci^eHTHo-MeHeHHBix npotfBjuiioiAHx aHTPiTeji noAaBajiH k hmmo 6h jihs o b aHHbiM 
aHTHTenaM nepe3 KaHaJibi Ha BTOpoM 6jioKe, opneHTHpOBaHHOM nepneH^HKyjinpHO 

KOJIOHKaM HMMO 6h JIH3 OB aHHBIX aHTHTeji. <I>JiyopeCH;eHTHbie CHrHajIbl KOMnJieKCOB 

aHTHTejio-aHTHreH-MeneHoe anraTejio perncrpHpoBajiH c noMOHjbio KOH(|)OKaJibHoro 
MmcpocKona. npeAeJiti AeTeKijHH tokchhob cocTaBHJin 1,6 Hr/MJi rjir xojiepHoro TOKCHHa, 
8 Hr/MJi rjw pHUjHHa, 40 hiVmji AJiii 6oTyjiHHHHecKoro TOKCHHa A, 4 ht/mtl nsrn 
CTa^HJioKOKKOBoro 3HTepoTOKCHHa B ? 6,2- 10 4 KOE/mji flJM 6aKTepHH Bacillus globigii. 
3tot 6HoceHcop Hcnojib30Bajm Taioice ajik actckijhh HH3KOMOJieKyji5ipHbix tokchhob 
MeTOAOM KOHKypeHTHoro HMMy ho aHajiH3 a. 

J\jw npHMoro HMMyHoaHajiH3a MeneHHbix $jiyopecu;eHHOM cTac|)HjiOKOKKOBoro h 
xojiepHoro tokchhob $HpMOH Nanogen (CIIIA) npeflJio^eHbi sjieKrpoHHbie MHKp ohhubi c 

HMMO 6 II JT 113 O BaHHblMH aHTHTeJiaMH [5]. 

[5] K.L. Ewalt, R.W. Haigis, R. Rooney, D. Ackley, M. Krihak, Detection of biological 
toxins on an active electronic microchip, Anal Biochem., 2001, 289, 162-172. 
Hmmo Shjihs aijHH: 6 h othhh Jiiip o b aHbix aHTHTeji Ha MHKpoHHne ocymecTBJiajiacb nyTeM 
o6pa30BaHHM komtuickcob aBH£HH-6HOTHH Ha MincpocaHTax, coAep^camHx aBH^HH. K 
MHKp o cafiraM 6bijih noABeAeHbi 3 neKTp ORt>i, h 6hothhhjihp ob aHHbie aimrrejia, a TaioKe 
pacTBopbi aHaJiH3HpyeMbix tokchhob noAaBaJiHCb noA AeftcTBHeM 3JieicrpEraecKoro nojra. 
B 3tom cjiynae 3KcnepHMeHTbi no aHajinsy npOBOAHJin TOJibKO c to KCHHaMH, b KOTopbie 
npeABapHTejibHo 6biJia BBeAeHa (|)jiyopecia;eHTHa5i MeTKa. 

OnpMa Biopraxis (CIIIA) pa3pa6arbiBaeT TexHOJioraio MHKp o hhiio b 3 b KOTOpon 
AJia A^TeKipiH cnraajia Hcnojib3yeTC5i PaMaHOBCKaa cneRTpocKonna (KOM6HHan;HOHHoe 
pacce^HHe) [6], 

[6] A.E. Grow, L.L. Wood, J.L. Claycomb, P. A. Thompson, New biochip technology for 
label-free detection of pathogens and their toxins, J. Microbiol Methods, 2003, 53, 221- 
233. 

BHOMOJieKynbi, b hrctho cth, aHTHTejia nporaB 6hotokchhob, hmmo 6h jm3yiOT Ha 

MeTaJIJIHHeCKOH nOB epXHO CTH B TOHKaX AHaMeTpOM npH6jIH3HTeHbHO 1 MHKp OH. Ilocjie 

o6pa6oTKH MHKpoHHna pacTBopoM, coAepxcanpiM aHajiH3HpyeMoe Bein;ecTBo, nponcxoAHT 
o6pa30BaHHe KOMnjieKca aHTHTe jio - aHTHreH, KOTopoe AeTercrapyiOT, nojiynan cneKTpbi 
KOM6HHau;HOHHoro pacce^HHH, H3 KOTOpbix BbiHHTaioT cneKTpbi cbo6oahbix aHTHTeji. 
IIoKa3aHa bosmokhoctb a^tckh;hh B (1) h G (1) acfmaTOKCHHOB H3 cMecn. 
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TpexMepHbie mhkpohhiim Ha ocHOBe nojiHaicpHJiaMHAHbix rHAporejieii BnepBbie 
6bijih pa3pa6oTaHBi b HME PAH [7]. 

[7] G.M. Ershov, A.D. Mirzabekov, Method of manufacturing a matrix for the detection of 
mismatches, US Patent N° 5770721. 

B HacTOtfmee BpeMH rejieBbie MmcpoHimbi nojiynaiOT MeTo^aMH conojiHMepK3an;HH 
h no jiHMepiis ai^HOHHoii hmmo 6h jih3 ai^HH [8, 9]. 

[8] A.R. MHp3a6eKOB, A.K). Py6HHa, C.B. IlaHbKOB, E.K. HepHOB Cnoco6 
hmmo 6h jih3 au,nH ojiiiroHyKJieoTHAOB, co^ep>Ka^iix HenpeAejibHbie rpynnbi, b 
nojiHMepHbix reitHx npn (|) opMHp ob aHHH MHKpoHHna. IlaTeHT N 2175972, 20 Hon6pJi 2001 
(B.H. 2001, N 25). 

[9] A.fl. MKpsa6eKOB, A.K). Py6iiHa, C.B. IlaHbKOB CnocoG nojiHMepH3aijHOHHOH 
hmmo 6 h jih3 aijHH 6HOJiorH*iecKHx MaKpoMOJieicyji h komhoshijhh fljTH ero ocymecTBJieHH*, 
naTeHT PO N 2216547. 

TexHOJioraa nojiyneHUH ra^po rejieBbix MHKpOHHnoB BKjnonaeT no^roTOBKy 
noAJio>KKH (cTeKJio, njiacTHK, KpeMHHfi) (1), HaHeceraie noniiMepHsa^ioHHOH cMecn, 
coAepxcamefi KOMnoHeHTbi rejin h HMMo6HjiH3yeMbie BenjecTBa, b BH,n;e Kanejib Ha 
noAJio^cKy c noMOHjbio po6oTa (2), (J) oTOHHflyijHp ob aHHyio nojiHMepH3au;Hio rejia c 
oGpasoBaHHeM rejieBbix sjieMeHTOB, coflep^anjux hmmo 6hjih3 ob aHHbie 30HAbi (3). B 
pesyjibTaTe nojiynaioTCs MaccHBbi ^HCKpeTHbix rejieBbix 3jieMeHTOB, Ka>igp,iH hx KOTopbix 

COffep>KHT HMMo6HJIH30BaHHbIH 30H£. B Ka^eCTBe 30H^OB MoryT BbiCTynaTb 

ojinroHyKjieoTH^bi, JSfiK, 6ejiKH, pa3JiHHHbie HH3KOMoneKyji*pHbie coeAHHemra [10-12]. 
noKasaHO, hto 6eitKOBbie MHKp OHHnbi, nojiyneHHbie mctoaom conojiHMepH3an;HH, mokho 
HcnojibsoBaTb ajih Hccjie^oBaHna 6ejioK-6ejiKOBbix BsanMOAeflcTBHH, b HacTHOcra, 

B3aHMOAeHCTBHH aHTHTeH- aHTHTe JIO , npOBe^eHHK HMMyHOXHMHHeCKHX H 

<J>epMeHTaTHBHbix peaKiiHH [11, 12]. 

[10] A.Yu. Rubina, S.V. Pan'kov, E.I. Dementieva, D.N. Pen'kov, A.V. Butygin, V.A. 
Vasiliskov, A.V. Chudinov, A.L. Mikheikin, V.M. Mikhailovich, A.D. Mirzabekov, 
Hydrogel drop microchips with immobilized DNA: properties and methods for large-scale 
production, Anal Biochem., 2004, 325, 92-106. 

[11] A.K). Py6nHa, C.B. nam>KOB, CM. HteaHOB, E.H. ^eMeHTbeBa, A.fl. Mnp3a6eKOB, 
BejiKOBbie MHicpoHHiibi, ^okji. AjcaA. HayK, 2001, 381, 701-704. 

[12] A.Yu. Rubina, E.L Dementieva, A.A. Stomakhin, EX. Darii, S.V. Pan'kov, V.E. 
Barsky, S.M. Ivanov, E.V. Konovalova, A.D. Mirzabekov, Hydrogel-based protein 
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microchips: manufacturing, properties, and applications, BioTechniques, 2003, 34, 1008- 
1022. 

B npe,a;jiaraeMOM H3o6peTeHHH MHKpoHHnbi Ha ocHOBe TpexMepHbix irmporejieii 
HcnojiBSOBaHbi jxjik pa3pa6oTKH cnocoGa KOJiH^ecTBeHHoro o6Hapy>KeHH# 6HOJiorHnecKHx 

TOKCHHOB. 

HenocTaTKH 

HeAOCTaTKOM Tp aAHIJHOHHBIX HMMyHOJIOrHHeCKHX MeTOftOB aHaJIH3a HBJIHeTCH 
HeB03MO>KHOCTb npOBO^HTB OflHOBpeMCHHBIH aHaJIH3 HeCKOJlbKHX COeAHHeHHH, B 

nacTHOCTH, Ghotokchhob, b o6pa3ia;e. Mho^eccctb chhbih napajuiejibHbiH aHajins 

HeCKOJlbKHX COeAHHeHHH AOCTHraeTC3I npH HCnOJIBSOBaHHH MPIKpOHHnOB. 

K HeflocraTKaM omicai-fflbix b jinrepaType cnoco6oB aiiajiHsa GHOJiorn^ecKHx 

TOKCHHOB Ha MHKp OHHnaX OTHOCOTCtf CJIOKHaK TeXHOJIOrHfl H3rOT0BJieHH5I MHKpOHHnOB ! 

oG'beAHHeHHe hcckojibkhx 6jiokob, noABeflemie KaHajiOB aji* no,n;aHH pacTBopoB, 
npHcoe^HHeHHe ajieKTpoAOB. P erncrp aijHH cnrHajiOB np OH3B o ahtch c ncnojiB30BaHHeM 
CJI03KHOH h AoporocTO^rqefi annapaTypBi: ko h<|) OKajiBHBift MincpocKon, PaMaHOBCKaa 
cneKTp o ckoiihh h pp. 3th He^ocTaTKH npeoAOJieHBi npH pa3pa6oTKe cnocoGa 
HMMy ho aHa jih3 a GnojiorHnecKHx tokchhob c h cno jibs o b aHHeM Tp exMepHBix MHKp ohhiiob 
Ha ocHOBe raAporejiefi. 

PacKpbiTHe H3o6peTeHHH 

U,ejibio H3o6peTeHHH ^BJiaeTC* paspa6oxKa cnoco6a ko jihhg ctb ©hho ro 
o6Hapy^ceHiM GnojiorHnecKHX tokchhob 6aKTepnajiBHoro, pacTHTejiBHoro h xchbothoto 
npoHcxo>KAeHHa:, no3BOjisioii];ero npoBO#HTB OAHOBpeMeHHBiii napajuiejiBHBiii aHajras 
HeCKOJlbKHX 6hotokchhob b oGpasne c ny b ctbhtc jibho ctbk) , He ycTynafomefi hjih 
npeBbnnaiomeH ny b ctb HTe jibho ctb CTaH^apTHBix HMMyHOJioirraecKHx tcctob. 
ITocTaBjieHHasc ijejit AocTHraeTCM nyTeM paspa6oTKH cnocoGa ko jnraecTB eHHoro 
o6Hapy>KeHHK GHOJiornnecKHx tokchhob c HcnojiB30BaHHeM MHKp ohhuob Ha ocHOBe 
rHAporejieft. rn;nporejieBBie 3JieMeHTBi ^HaMeTpoM 100-600 mkm h bbicotoh 30-100 mkm, 
co,ii;ep>Kani;He hmmo 6hjxh3 ob aHHbie aHTHTejia npoTHB 6hotokchhob hjih 6hotokchhbi, 
nojiyneHbi MeTOAOM (|)oto- hjih xHMHnecKH HH^yijHpoBaHHOH noHHMepH3au;HH h 
kob aJieHTHo saKpenjieHbi Ha noBepxHocra no,n;jio:>KKH (ctckjio, njiacTHK hjih KpeMHHH). 
IlpeAJiaraeMbiH cnocoG BKjifonaeT cjieAyioHiiHe cTaAHH: 
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a) H3roTOBJieHHe GnojiorHnecKoro MHKp onnna, npeACTaBJiflioiijero co6oh 
ynop^AoneHHtiH MaccHB TpexMepHbix rHAporejieBbix iiHeeic Ha TBep^ofi noAJio^Re, 
coAep^camnx hmmo 6h jihs o b aHHtie aHraxejia k pasjiHHHbiM GiiOTOKCHHaM hjth 
6hotorchhm ? npHneM b RaxgjOH OTflejibHOH sraefiice hmmo Ghjihs OBaHo anraTejio k 

HH^HBHAyaJIBHOMy 6HOTOKCHHy HJIH HH^HBH^yaJIBHBIH 6HOTORCHH; 

6) HHKy6an;Hio MHRponnna b peaRijHOHHOH cpe^e, BKjiioHaiomeH o6paseij; ? 
coflep^caiuiHH noAJiexcaiuHe aHajiH3y 6hotorchhbi, rjix o6pasoBaHH>i HMMyHHbix 

KOMnjieKCOB 6HOTOKCHH-aHTHTeJIO, KOTOpyK) npH HeoGxOAHMOCTH npOBOflOT B 

ycjTOBH>ix nepeMeniHBaHHH; 

e) AereKijHio o6pa30BaBinerocH KOMnjieKca; 

a) KOJimecTBeHHoe o6Hapy;#ceHHe aHajiHSHpyeMoro GnoTOKCHHa. 

E[pH HaHeceHHH Ha MHRponnn peaKUiHOHHOH cpe^Bi, coAep>KameH aHajiHSHpyeMbifi 
o6pa3eq (Ghotokchh), npOHCxo^HT o6pa30BaHHe HMMytiHbix KOMiuieKCOB co 
cneii;H(J)HHecKHMH nHraHzjaMH, hmmo 6hjih3 ob aHHbiMH b rejieBbix ^Hefiicax MHRponnna. 
^eTeKEfHio o6pa30BaBiuerocH KOMnjieKca Ha CTa^iiH e) h nocjie#yioru;ee KOjnraecTBeHHoe 
o6Hapy>KeHHe Ha CTa^HH a) npOBO^HT b (JjopMare npsnsioro, RomeypeHTHoro hjih cshabh*!- 
HMMy ho aHa jihs a . 

JJpx np^Moro HMMy ho aHajiH3 a p e aicnn ohh a>i cpe#a Ha cTa^HH 6) coflep>iarr 
aHanH3HpyeMbiH 6hotorchh ? ROTopbin o6pasyeT cneijn^HHecRHH KOMnneKC c 

HMMO 6h HH3 OB aHHBIMH Ha HPHie aHTHTeJiaMH npOTHB 3TOrO TOKCHHa. 

KOHKypeHTHblH aHaJIHS npOBO£HT C HCnOJIb30BaHHeM MHKpOHHna c 
HMMO 6HJIH3 OB aHHbiMH 6HOTOKCHHaMH HJIH HMMO 6HJIH3 OB aHHBIMH aHTHT6 JiaMH . B nepBOM 

cjiynae peaKijHOHHaa cpe,a;a Ha CTa#HH 6) ftonojmHTejibHO co^epxcHT MeneHbie aHTHTejia k 
aHajiHsnpyeMOMy 6noTORCHHy, h nponcxoAHT KOHKypenqHa: MeneHbix aHTHTeji sa 
GB3i3brBaHHe c 6hotorchhom b pacTBope h Ghotorchhom, hmmo 6hjih3 ob aHHbiM Ha 
MHKpOHHne. B ,n;pyroM Bapnanre KOHKypeHTHoro aHajinsa MHRponnn co,u;ep:>RHT 
hmmo 6hjih3 ob aHHbic aHTHTejia, a pea^HOHHan cpe^a Ha CTa^HH 6) ^onojiHHTejibHO 
coflep>KHT MeneHbifi 6hotokchh. IIpoHcxo^HT ROHRypempui Me>K^y MeneHbiM h 
HeMeneHbiM 6hotorchhom 3a cb^3bib aHHe c hmmo 6h jih3 o b amibiMH aHTHTeJiaMH. 

B cjiynae C3 h^b iw-hmmyh o aHa jihs a MHRponnn coAep^KHT hmmo 6h jihs ob aHHbie 
aHTHTejia, pea^HOHHaH cpeAa Ha craAHH 6) coAep^RHT anajiHSHpyeMMH 6hotorchh, 
KOTOpbiii o6pa3yeT cnei^HC^imecKHH KOMnjieKC c hmmo 6hjih3 ob aHHbiMH Ha nnne 
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aHTHTejiaMH. ITocjie o6pa30BaHHH KOMnjieKca MHRponnn npoxBSimor mchchbimh 
aHTHTenaMH, cnemi^HHHbiMH k ApyroMy anHTony AaHHoro 6noTOKCHHa. 

IlpH Heo6xo,niHMOCTH CTaAHio 6) npOBOA^T b ycjiOBHHX nepeMeuiHBaHKu*, KOTopoe 
3HaHHTejiBH0 yM6HbiiiacT BpeMH npoBe^eHHH aHajiH3a. 

Cnoco6bi np^Moro h Komcyp eHTHoro aHajiH3a bosmokhm KaK ajih tokchhob 

6eJIKOBOH npHpO^BI, TaK H Rim HH3KOMOJieKyjIHpHbIX TOKCHHOB. CsHABHH-BapHaHT 

HMMyHoanajiH3a B03MO>iceH tojibko Rim 6hotokchhob GejiKOBOH npnpOAbi, KOTOpbix 
mo)kho nojiyniiTL aHTirrejia, cneijHC^HHHbie k pasHbiM smrronaM GejiKOBofi MOJieicyjibi. 

PerncTpauHio pe3yjibTaTOB HMMy ho anajiH3 a npoBO^HT c noMombio 
4)jiyopecu;eHi^HH, xeMHJHOMHHecijeHijHH jih6o m a c c - c n e icrp o m exp kh Heno cp cjxctb chho c 
rejieBbix 3JieMeHTOB MHKp oniina. AHTHTejia huh Ghoxokchhbi MoryT coAep>Karb 
(J)jiyopecu;eHTHbie mctkh hjih hbjihtbcji KOHbioraTaMH c 6ejiKaMH huh ApyrxiMH 
coeAHHeHH^MH, cnoco6HbiMH ynacTBOBaTb b peaKLpanx, npHBOAHiijHx k HSJiynemiio CBCTa 
(xeMH- hjih 6HOJiK)MHHecri;eHii;HH). fljra Macc-cneKTpajibHOH AeTeKijHH He Tpe6yeTc* 

BBeAeHHK ftOnOJIHHTeJIbHblX mctok. 

KojiHHecTBeHHoe o6Hapy^EceHHe 6hoto KCHHa ocymecTBjraioT nyTeM np ob sr&hi&l 
CTa^HH a) - e) co cxaHAapxHtiMH (sxa jio hhmmh) o6pa3n;aMH ? coAepxcamHMH hsbccthbic 
KOHn;eHTpai^HH aHajiH3HpyeMoro 6hoto KCHHa . Ctpohtck KajinGpoBOHHaa 3 aBHCHMO ctb 
"cHraaji reneBOH nneHKH MHKpoHHna - KOHneHxpau^i 6HOTOKCHHa'\ Ilocjie 3Toro cTaflHH 
a) - e) npoBO^T c aHajinsiipyeMbiM o6pa3ia;oM, h no KajinSpoBOHHOH 3 aB hchmo cth 
onpe^ejiHiOT ko HiieHTp aipiio aHajinsnpyeMoro GnoTOKCHHa b o6pa3ia;e. 

npeAJiaraeMbrB cnoco6 no3BOJineT npoBO^HTb oAHOBpeMemibiH napamiejibHbiH 
aHajiH3 HecKOHbKHx 6hotokchhob b o6pa3ia;e. MHKpOHHn jsjin napajuiejibHoro 
MHO>icecTBeHHoro aHajiH3a co,n;ep>KHT hmmo 6hjih3 ob aHHbie aHTHTena npoTHB HecKOJibKHX 

TOKCHHOB H/HJIH HeCKOJtbKO HMMO 6ll JIH3 OB aHHblX 6HOTOKCHHOB. B Ka>KAOH OTfteJIbHOH 

rejieBOH khq&ko hmmo 6h jih3 o b aHo aHTHrejio k HH^HBHAyajibHOMy 6hoto KCHHy hjih 
hh^hb H,n,y ajiBHbin 6hotokchh. Ilocjie HHKy6aipiH MHKpOHHna b peaKi^HOHHOH cpe^e, 
BKJiio^aiomeH o6pa3en; 3 coAep>icanj;HH HecKOJibKo nofljie^Kamnx aHajiH3y 6hotokchhob, 
o6pa3yjEOTC^ cneipft^HqecKHe HMMyHHbie KOMzrjieKCbi GnoTOKCHH-aHTHTejio. B cjiynae 
np^Moro HMMy ho aHa jihs a peaKixHOHHaa cpe^a coAep>KHT o6pa3eii; 3 BKJHonaioiAHH 
HecKOJibKo aHajiH3iipyeMbix tokchhob, h nocjie HHKy 6 aijHH MHKpOHima c o6pa3i^oM 
peracTpHpyioT curHajibi jineeK MHKp o hhii a ? co,o;ep>Kaiij;HX cooTBeTCTByiomee 
HMMo6njiH30BaHHoe aHTHTe jio . fljra KOHKypeHTHoro aHajiiisa peaKijHOHHaji cpe^a Ha 
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cxaAHH 6) AonojiHHTejiBHO co^ep>KHx CMecb MeneHbix atrorreji ko sceM aHajnisnpyeMbiM 
6hoto KCHHaM hjih CMecb Bcex aHajiH3HpyeMi>ix Me^eHbix 6hoxokchhob. B cjiynae 
C3HABHH-HMMyHoaHajiH3a npo*BjieHHe MHKponHna nocjie HHKy6au;HH b peaKijHOHHOH 
cpe^e, BKJiioHaioineH o6paseij;, ocymecxBJifliox CMecbio MeneHbix aHxnxeji npoxHB Bcex 
aHajiH3HpyeMBix Shoxokchhob. 

^yBCTBHTejibHOCTb npeAJiaraeMoro cnoco6a o6Hapy;aceHH£ 6iiojiorHHecKHx 
tokchhob He ycTynaeT nyB cxBiixe jibho cxh roianieHHoro BapnaHxa HMMyHo aHajiH3 a, 
HanpHMep, npe^eji obHapy>KeHRH pmjuHa c3H,n;BHH-HMMyHoaHajiH30M c ncno jib>3 o b anneM 
rejieBBix MHKpoHHnoB cocxaBHJi 0,1 ht/mji (Ta6jiHija 1). 

ITpefljiaraeMBiS cnoco6 aHanroa 6hoxokchhob, ocHOBaHHbift Ha ncno jib3 o b aHHH 
rejieBbix MHKp ohhuo b HMeer p^A cymecxBeHHbix npeHMymecxB nepeA MHRponnnaMH, 
onHcaHHbiMH b jiHTepaType: pa3BHxa# xpexMepHan rejieBaa cxpyicrypa o6naAaex ropas^o 

60JIbUieH eMKOCTbK) ^JT5I HMM06HJIH3au;HH no CpaBHeHHfO C AByMepHMMH MHKp OHHIiaMH, 

qxo HaMHoro y b e jihhhb aex ny b cxb Hxe jibho cxb aHajinsa; KpoMe xoro, hmmo 6hjih3 ob aHHbie 
6enKH Haxo#Hxc5i b rH,o;po(J)HjibHOM OKpy^ceHHH, h oxcyxcxByex KOHxaxx c rH,opo<|)o6HOH 
noBepxHoexbK) iioajio^kh, hxo cnoco6cxByex coxpaHemiio 6HOJiorHHecKOH aicxHBHOcxH 
hmmo 6hjih3 ob aHHbix MOJieicyji h oGecne^HBaex BbicoKyio cxa6HjibHocxb npn xpaHeHHH. 



KpaxKoe onncaHHe j)Hryp 

ripeAnaraeMoe H3o6pexeHHe HjijifocxpnpyexcH c jie^yio ih;hmh c£>HrypaMH, Ha 

Koxopbix: 

Onrypa 1 ^eMOHCTpHpyex pesyjibxaxbi HMMy ho aHa jihs a pnijHHa Ha MHKpOHHnax. 

A. np^MOH HMMyHoaHajiH3. MnKpoHHnbi co^epxcajiH rejieBbie 3JieMeHXbi c 

HMMO 6H JIH3 O B aHHblMH aHXHxejiaMH npOXHB pHipma Rchl 3 0,1 Mr/MJI. 3aBHCHMOCXb 

HHTeHCHBHOCXH (Jmyopec^Hipm ox KOHn;eHxpaii;HH puijHHa, MeneHHoro Cy3 ? b pacxBope. 
E. KoHKypeHXHbifl aHajni3. MnKponnnbi coAep^ajra rejieBbie sjieMeHXbi c 

HMMO 6HJTH3 OB aHHbIM pHIJHHOM, 0,05 Mr/MJI. 3aBHCHMOCXb HHXeHCHBHOCXH 

(|)jiyopecii;eHri;HH ot KorcqeHxpaijHH pmjHHa b pacxBOpe nocjie HHKyGarpra pHijHHa c 
pacxBOpoM Cy3-MeneHHbix aHxnxeji 1RK2, 4 mkt/mjl 

B. C3H^BHH-aHaini3 c cfmyopecijeHXHOH perHCxpaipieJL Mmcpo^mnbi coflep^cajni reneBbie 
3jieMeHXbi c hmmo 6hjih3 o b aHHbiMH aHXHxejiaMH npoxHB pHiiHHa Rchl, 0,1 Mr/MJi; 
MHKpOHHnbi nocjie HHKy6ai};HH c pacxBopaMH pHUHHa npoflBjisuiH aHXHxejiaMH npoxHB 
pni^HHa 1RK1, MeneHHbiMH Cy3 ? 20 mkx/mji. 3 aB hchmo cxb hhx6hchbhocxh 
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(jjjiyopecijeHijHH ot KomjeHTpaijHH pHijHHa b pacraope. Bpe3Ka Ha Our. IB noKasbiBaeT 
(Jmyopec^HTHBie CHraajibi npn hhskhx KOHijeHTpaij;H5ix puijHHa. riy hkthp Han jihhhk 
cooTBeTCTByeT HHTeHCHBHOCTH c^jiyopecijeHijHH b 3 pa3a Bbime, neM pa36poc ^OHOBoro 
cnraajia; npe^en o6Hapy>iceHH# piii^HHa cocraBHji 0,1 ht/mji. 

r. CsHABHH-aHajins c xeMHjiK)MHHecu;eHTHOH perncTpaipieH. Mhkpohhih>i co#ep:>KajiH 
reneBBie 3JieivieHTbi c hmmo 6h jih3 o b aHHbiMH aHTHTejiaMH nporaB pnijHHa 1RK2, 0,1 
mt/mji; MHKpoHHnbi nocjie Hincy 6 aijHH c pacTBopaMH pnijHHa npo*Bji#jiH 

6HOTHHHJIHpOBaHHbIMH aHTHTejiaMH npOTHB pHIJHHa 2RK1 (40 MKr/MJl), KOH-BIOraTOM 

aB H#HH-nep o kch a a3 a (45 mkx/mji) h xeMHjiroMHHec^HTHbiMH cy 6 CTp aTaMH nepoKCH^asbi. 

3 aBHCHMO CTb HHTeHCHBHOCTH XeMHJIIOMHHeCIjeHIJHH OT KO HI^GHTp aiJHH pHIJHHa B 

pacTBope. 

Ka>K^an TOHKa Ha rpa4)HKax *BJifleTC# cpe#HHM H3 neTbipex napajuiejibHbix 

HSMepeHHH. 

OHrypa 2 A^MOHCTpHpyeT MALDI-TOF Macc-cneKTpbi cra(|)HJiOKOKKOBoro 
3HTepoToiccHHa B ? nojiyneHHwe c rejieBbix nneeK MHKp o nun a c hmmo 6hjih3 o b aHHbiMH 
MOHOKJioHajibHbiMH aHTHTejiaMH npOTHB 3Toro TOKCHHa S222, 0,1 mt/mji, nocjie 
HHKy6au;HH MHKp OHHna c pacTBopoM TOKCHHa. KoHneHTpai^HH 6noTOKCHHa b pacTBope 
100 (A), 10 (B) h 1 (B) mkt/mji. 

4>Hiypa 3 npe^CTaBJiaeT pesyjibTaTbi oAHOBpeMeiraoro aHajiH3a hcckojilkhx 
6hotokchhob Ha oahom MHKpoHHne. MnKponnnbi coAep>KajiH rejieBbie sjieMenrbi c 

HMMO 6HJIH3 OB aHHbiMH MOHOKJIOHaJIbHBIMH aHTHTejiaMH npOTHB CTa<|>HJIOKOKKOBOrO 

TOKCHHa (S222), A*i(|)TepHHHoro TOKCHHa (7D9), cTOJi6H)iHHoro TOKCHHa (3D2C6), 
jieTajibHoro cfraKTOpa cn6np es3B eHHoro TOKCHHa (10EDG7), pHipma (1RK1) h BHCKyMHHa 
(TAS). Ka^ECAoe aHTHTeno 6bijio hmmo 6hjih3 ob aHo b 4-x rejieBbix ajieMenrax b 
KOHueHTp aipiH 0,1 mt/mji. <I>nyopecu;eHTHbie H3o6paxceHHJi nojiyneHbi nocjie HHKy6au;HH 

MHKp OHHna C paCTBOpOM CTa^HJIOKOKKOBOTO TOKCHHa (HHn 1), ^H(|)TepHHHOrO TOKCHHa 

(mm 2), ctoji6hkhhoto TOKCHHa (nnn 3), jieTajibHoro (J)aKTopa cnSnp e.s3B eHHoro TOKCHHa 
(hihi 4), pHipma (nun 5) h BHCKyMHHa (nun 6) h npo^BJieHHH cMecbio Cy3-MeHeHHbix 
MOHOKjioHajibHbix aHTHTeji npOTHB Bcex 6 HCCJie^yeMbix 6hotokchhob (aHTHTejia npOTHB 

CTa(J)HJIOKOKKOBOrO 3HTepOTOKCHHa B S643, aHTHTejia npOTHB AH^TepHHHOrO TOKCHHa 

2 A3, aHTHTejia npOTHB ctoji6hhhhoto TOKCHHa 3D10B11, aHTHTejia nporaB JieTajibHoro 
^aKTopa cn6HpeH3BeHHoro TOKCHHa 3B4D9, aHTHTejia npOTHB pinjHHa Rchl, aHTHTejia 
nporaB BHCKyMHHa MNA9). KoinjeHTpaitHH 6hotokchhob b pacTBope 50 ht/mji (ail* 
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Ka>Kfloro H3 tokchhob), KOHij;eHTparpiH Ka^oro npo^BJiaiomero aHTHTejia b cmcch 20 
MKr/MJi, o6ma5i ko HueHTp ai^HH MeneHbix aHTHTeji b cmgch 120 mkt/mji. 

OcymecTBJieHHe H3 o 6p eTeHHg 

THAporejieBbie MHKpOHHm>i rjix KOJinnecTBeHHoro o6Hapy>KeHM 6HOJiorHHecKHx 

TOKCHHOB H3rOTaB JIHB aiOTCH MeTOflOM (|)OTO- HJIH XHMHHeCKH HHflyiJHpyeMOH 

pa^HKajiBHOH nojiHMepH3axj;HH no 3anaTeHTOBaHHOH TexHOJiorHH [9], MnKponnn 
npe^cTaBjineT co6oh ynopjmoHeHHbiii mbcchb TpexMepHbix rHAporejieBbix xhqqk Ha 

* 

TBep^OH no,n;jio:>KKe, coAep>Kaiu;Hx hmmo 6hjih3 ob aHHbie aHTHTejia k p a3 jikhhbim 
6HOTOKCHHaM 6aKTepHajibHoro, pacTHrejibHoro h 5khb otho ro npoHCxo>K#eHH5i hjih 

HMM06HJIH30BaHHbie 6HOTOKCHHBI pa3JIIIHHOH npHpO^bl. B Ka^OH OT^eJIbHOH XHQllKO 
MHKpOHHna HMMO 6HJIH3 O B aH HH^HBHAyaJIBHblH JIHTaHfl. CB*3MBaHIie jinraHAa c 

raAporejieBOH MaTpHijeft bo3mo>kho KaK Hanp^Myio npn ero HMMo6HjiH3auHH b npon,ecce 
^opMHpOBaHHH rejra, Taic h nepe3 o6pa30BaHHe cneijH(|)HHecKHx KOMnjieiccoB aBHAHH 
(cxp enTaBH^HH) - 6hothh, HanpHMep, hmmo 6hjih3 o b aHHbiii aBHAHH — 

6lIOTHHH JTHp O B aHHO e aHTHTeJTO, HJIH HMMO 6 H JIH3 O B aHH a# HHTpHJIOTpHyKCyCHaa KHCJIOTa ~ 

peKOM6HHaHTHBiH 6ejioK, coAepxcanjHH nojinrHCTHAHHOBbiH cj)parMeHT h pp. 

B Ka^ecTBe JiiiraH^OB Hcnojib3yK)TC£ aHTHTejia pa3JiHHHt>ix thiiob, Bee ranti 
HMMy Horjio 6yjiHHOB (IgG, IgM, IgA, IgD, IgE), MOHOKJiOHajiBHbie anraTejia, 
nojiHKJioHajrbHBie aHTHTejia, peKOM6HHaHTHbie aHTHTejia, pasjiHHHbie ranbi mhhh 
aHTHTeji, b tom HHCJie Fab-(J)parMeHTbi h o^HonicnoHeHHbie aHTHTejia (scFv h flpyrne), a 
TaioKe HH3KOMOjieicyjiHpHbie 6hoto KCHHbi h 6noTOiccHHbi 6ejiKOBofi npHpoAti. JlnraHflaMH 
Ajih o6pa30BaHHH cneipi^HHecKoro KOMnjieicca c aHajiH3HpyeMbiMH 6hoto KCHHaMH MoryT 
^BJisTbc^ TaK>ice amaMepbi - MOJieicyjibi flPK hjih PHK, cnoco6Hbie k 
BbicoKoa(|)4)HHHOMy B3aHMo^;eHCTBHK) c cooTBeTCTByiomHM coe^HHeHHeM. HanpHMep, 
nojiyneH PHK-arcraMep, cocto^hh H3 3 1 HyKjieoTH^a, cne^<J>HHHbiH k A-u;enH pnipma 
[13] h flpK-anTaMepbi, cnei3H(|)HHHbie k xojiepHOMy TOKCHHy h CTa^HJiOKOKKOBOMy 

3HTepOTOKCHHy B [14]. 

[13] J.R. Hesselberth, D. Miller, J. Robertas, A.D. Ellington, In vitro selection of RNA 
molecules that inhibit the activity of ricin A-chain, J. Biol Chern., 2000, 275, 4937-4942 
[14] J.G. Bruno, J.L. Kiel, Use of magnetic beads in selection and detection of biotoxin 
aptamers by electro chemiluminescence and enzymatic methods, Biotechniques, 2002, 32, 
178-183. 
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HcnOJTB3yeMMH RJIK H3IDTO B JieHKH MHKpOHHnOB MeTOA IIO JIHMSpHS ai^HOHHOH 
HMMO 6 II JIH3 aiJHH nO3B0JIHCT nOJiyHaTb MHKp OHHITbl, CO^ep^CamHe HM M O 6 H JIH3 O B 2LHHBI Q 

^HK ? PHK k 6ejiKH [9-12]. 

Tun Hcnojn>3yeMBix j\nx hmmo 6hjih3 aijHH coeAHHemiH 3aBHCHT ot 
aHajiHSHpyeivroro oGteKTa h cnoco6a npoBefleHHH aHajnrea (np^MOH, ko HKy p ghthbih, 

C3 H^B HH- aHa JIH3 H Ap.). 

Cnoco6 npOBeAeHHH KOJiHHecTBeHHoro o6Hapy>iceHHH 6hotokchhob c 
HcnojiB30BaHneM rHAporejieBbix mhkpohhiiob BKJuonaeT cjie^yiomHe cTaAHH: 

a) H3roTOBJieHne 6iionorHHecKoro mhkp o^Hiia, npeACTaBioiioiAero co6oh 
ynop^oHeHHbifi MacciiB TpexMepHbix riiAporejieBbix khqqk Ha TBepAOH noAJio:>KKe, 
nojiy^eHHbix MeTOflOM (J)oto- hjih xhmhhcckh HHAyi^npoBaHHOH nojiHMepmaijHH h 
coAep^camnx hmmo6hjihsob aHHbie aHTHTena k p as jthhhbim 6noTOKCnHaM 
6aKrepHajibHoro, pacraTejibHoro h >khb otho ro npoHcxo>i<AeHHfl hjih 6noTOKCHHbi, 
npHHeM b ica>KAOH otacjibhoh memee hmmo 6hjih3 ob aHO aHTHxeno k 
HHA^BHAyajibHOMy 6HOTOKCHHy hjih HHAHBHAyajibHbifi 6hotokchh; 
6) HHKy6au;Hio mhkp onnna b peaKipioHHOH cpe^e, BKjnonaioiAeH oGpaseu;, 
coflep>Kanj;iiH noAJte>KaiAHe aHajiH3y Ghotokchhbi, ajih o 6p as o b atiHH HMMyHHbix 
KOMnneKCOB SnoTOKCHH-aHTHTejio, KOTopoe npH Heo6xo,zpiMocTH npOBOAHT B 
ycjiOBHHX nepeMeniHBaHHH; 
e) ^eTeKij;Hio o6pa30BaBnieroc3i KOMnjieKca; 

z) KOJiHHecTBeHHoe oGHapy^EceHHe aHajiH3HpyeMoro GHOTOKCima. 

B KanecTBe peaKUHOHHoft cpeA^i npn npoBeAeHHH aHajinsa HcnojibsyioT 6y(J)epHbie 
pacTBOpbi, KOTOpbie o6biHHo npHMeHHioTC^ b HMMy ho aHajni3 e, HanpHMep, 0,01 M 
4)oc<J)aTHbiH: 6y$ep, pH 7,2, coAep>icaimiH 0,15 M NaCl, 0,05 M TpHC-HCl, pH 7,4, h Ap. 
JJjw yMeHBHieHHH Hecneii;Hcj)HHecKHX B3 aHMO aghctbhh b peaKi^HonnyK) cpe#y Ao6aBJi5iK)T 
nojiHBHHHJiOBbiii ciiHpT, 6biHHH cbiBopOTOHHbiH ajib6yMHH h caxaposy, 6ejiKH cyxoro 
MOJioKa h Ap. (TaK Ha3biBaeMbie "6jiOKHpoBOHHbie 6y<J>epbi", KOTOpbie xopoino hsbccthbi 
cneipiaJiHCTaM b AaHHOH oGjiacra) 

Cnoco6 KOjiH^ecTBeHHoro o6Hapy>iceHHH 6hotokchhob Moicer 6brrb ocymecTBjieH 
b bha© pa3JiHHHbix ranoB iiMMy ho aH a jih3 a, HanpHMep, np^Moro, KOHKypeHTHoro h 
GSHABHH-HMMyHoaHajiHsa (npHMep 1). J\nx np^Moro HMMy ho aHajiHS a MHKpoHHn 
coAep^cHT HMMo6HjiH30BaHHbie arcrHTejia npoTHB aHajiH3HpyeMoro 6HOTOKCHHa, a 
peaKHHOHHan cpe^a Ha cyraAHH 6) coAepxorr aHajiHsnpyeMBiH 6hotokchh, KOTOpbiH 
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o6pasyeT cneri;H(J)HHecKHfi hmmyhhbih KOMnjieKC c hmmo 6hjih3 ob aHHBIMH aHTHTejiaMH. 
IIpH (JjjiyopecijeHTHOH perncTpaijHH aHajiHsnpyeMbiH 6hotokchh coflep^cHT 
$jiyopecu;eHTH3TO MeTKy, npH xeMHJiioMHHecneHTHOH p eraicrp aijHH 6hotokchh 
npe^CTaBJineT co6oh KOHbiorar c 6ejncoM hjih #pyrHM coeAHHemieM, choco6hbim 
ynacTB ob art b peaKipinx, npHBo,n;5iru;Hx k HSJiyneHHio CBeTa (xera- hjih 
6HOJiioMHHecij;eHixHH). PerHCTpHpyeMBifi (fmyopecijeHTHbiH hjih xeMHjnoMHHecia;eHTHi>iH 
cnrHaji HneeK MHKpoHHna c hmmo 6hjih3 o b aHHMMH aHTHTejiaMH nponopn;HOHajieH 
KOimeHTp aijHH GnoTOKCHHa (IIpHMep 1, Oht. 1A). Cnoco6Bi BBefleHH* c|)jiyopecn;eHTHOH 
MeTKH hjih nojiyneHHK ko Htio raxo b c SejncoM hjih ApyrHM coe^pmeHHeM xopomo 
H3BecTHbi b AaHHofi o6jiacTH. B nacTHocTH, mo>kho Hcno jii>3 o b aTB npou^ypbi, 
onncaHHBie b G.T. Hermanson, Bioconjugate Techniques, Academic Press, San Diego, 
1996. B cjiynae Macc-cnercrpajibHOH jx&t&ksjjw He Tpe6yeTCH BBe^eHiDi AonojiHHTejibHofi 

MeTKH. 

KOHKypeHTHBIH aHaJIH3 npOBOJpIT C HCnOJIB30BaHHeM MHKp OHHna c 
HMMO 6HJIH3 OB aHHBIMH 6HOTOKCHHaMH HJIH HMMO 6HJIH3 OB aHHBIMH aHTHTe JiaMH . B nepBOM 

BapnaHTe peaKUjHOHHaa cpe^a Ha era^HM 6) ^onoJiHHTejiBHo co,n;ep>KHT <|)jiyopecijeHTHO- 
MeneHHtie aHTHTejia k aHajiH3HpyeMOMy 6noTOKCHHy (hjih c o o tb ctctb y k) m pi e KOHtioraTbi 
aHTHTe ji). PeaKutHOHHyio CMecb nepe# HaneceHHeM Ha MHKpoHHn HHieyGnpyioT co 
CTaH^apTHBiM hjih aHajiH3HpyeMBiM o6pa3n;oM. IIpH HHKyGai^HH MHicpoHHna c 

peaKUHOHHOH CMeCBK) npOHCXO^HT KOHKypeHHiHH MeHeHblX aHTHTe JI 3a CBH3 bib aHHe c 
6HOTOKCHHOM B paCTBOpe H 6hOTOKCHHOM, HMMO 6HJIH3 OB aHHBIM Ha MHKpOHHne. 

P erHCTpHpy eMBiii $ jiy op eci^ chthbih hjih xeMHjiK)MHHecu,eHTHbiH cnrHaji MeeK 
MHiepo^Hna c hmmo 6h jihs o b aHHMMH 6noTOKCHHaMH TeM Bbime, neM MeHbine 
KOHueHTpaipra aHajiH3HpyeMoro TOKCHHa b o6pa3ia;e (IIpHMep 1, <3>Hr. IB) 

B ,npyroM BapnaHTe KOHicyp eHTHoro aHajinsa mhkpohhh coAep>KHT 
hmmo 6hjihs ob aHHbie aHTHTejia, a peaKUHOHHaa cpefla Ha CTa^HH 6) AonojiHHTejibHO 
coAep>KHT (JjjiyopecpeHTHo-MeneHHBiH 6hotokchh (hjih cooTBercTByio^HH KOH-bioraT 
GnoTOKCHHa). npoHCxo^HT KOHKypeHipiK Me>K#y MeneHbiM h HeMeneHbiM Ghotokchhom 
3a cBii3biBaHHe c hmmo 6hjih3 o b aHHBIMH aHTHTejiaMH. PerHCTpnpyeMbiH (|3jiyopecpeHTHbiH 

HJIH XeMHJHOMHHecpeHTHBIH CHTHaJI OTeeK MHKpOHHna C HMMO 6h JIH3 O B aHHBIMH 

aHTHTejiaMH TeM Bbmie, neM MeHbine KomjeHTpaipiH anajiH3HpyeMoro TOKCHHa b o6pa3ije. 

B cjiynae c3HABHH~HMMyHoaHajiH3a MHKpoHHn co,n;ep>KHT hmmo 6h jihs o b aHHbie 
aHTHTejia, peaioiHOHHaji cpe^a Ha cTaflHH 6) coAepxarr aHajiHSHpyeMbifi 6hotokchh, 
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KOTopbifi oGpasyeT cne^c|3HHecKHH komiijickc c hmmo 6h jih3 o b aHHbiMH Ha HHne 
aHTHTenaMH. llocjie o6pa30Barora KOMnneKca mhkpohhii npoaBjiniOT $Jiyopecu;eHTHO- 

MeneHHBIMH aHTHTejiaMH (iUIH COOTBeTCTByK>mHMH KO HbK) raTaMH aHTHTeJl), 

cneipicj) hhhbimh k ApyroMy snuTony #aHHoro 6HOTOKCHHa. PerHCTpnpyeMbiH 
$jiyopeci3;eHTHBiH hjih xeMHJnoMHHecia;eHTHBiii CHraaji sraeeK MHKp onuna c 
hmmo 6imH3 ob aHHbiMii arcraTejiaMH nponopijHOHajieH KOHijeHTpaijHH 6noTOKCHHa 
(ELpHMep 1, Our. lB 7 r). 

IIpflMOH H KOHKypeHTHBIH aHaJIHSBI Ha MHKpOHHnaX MO>KHO npOBOflHTb RJIR 
TOKCHHOB KaK 6eJTKOBOIi npHpO^I, TaiC H Rim HH3KOMOJieKyjIHpHbIX TOKCHHOB. C3HABHH- 

BapnaHT HMMy ho aH a jih3 a B03MO>iceH, KaK npaBHjio, tojibko Aim 6hotokchhob 6cjikoboh 
npnpoflbi, RJin KOTOpbix mo>kho nojiyHHTb aHTHTejia, cneu;H(J)HHHbie k pasHbiM annronaM 
6ejiKOBOH MOJieKyjibi (HMMo6njiH30BaHHbie CBH3biBaioinHe aHTiiTejia h npo^Bji^iomHe 
MeneHbie aHTHTejia). 

KojnraecTBeHHoe o6Hapy>iceHHe 6hotokchhob ocymecTBjisKDT nyTeM npOBe^eHHH 
cTa^HH a)-e) c HSBecxHbiMH KOHijeHTp an;HHMH aHajinsHpyeMoro 6noTOKCHHa h 

nOCTpOeHHH KaJIHbpOBOHHOH 3 aB HCHMO CTH, nO KOTOpOH OnpefleJIfllOT KOJIHHeCTBO 

aHajiH3HpyeMoro 6noTOKCHHa b o6pa3u,e. J\nsi Bcex b apnaHTOB aHajiHsa CTposrr 

KaJHl6pOBOHHbIH rpacj)HK 3 aBHCHMO CTH HHTCHCHBHO CTH (|)JtyOpeCH;eHTHOrO HJIH 

xeMHJHOMHHeci^eHTHoro CHrnajia co otb eTCTByioiijHx rejieBbix iineeK MincpoHima ot 

HSBeCTHOH KOHHeHTp aiJHH 6HOTOKCHHa B CTaH^apTH OM (3TaJIOHHOM) pacTBope. 

HeHSBecTHyio KOHEceirrpanmo GnoTOKCHHa b o6pa3ne onpe#ejraoT H3 KaJitiGpOBOHHOH 
KpHBOH no SHaneHHK) hhtchchbhocth cnrHajia, nojiyneHHoro nocjie B3 aHMo^eiicTBHsi 
aHanH3HpyeMoro o6pa3u;a c mhkpohhiiom. npeflen o6Hapy>KeHHH 6noTOKCHHa 
onpe,n;ejuiK)T KaK KoinjeHTpaijHBO., cooTBeTCTByromyio HHTeHCHBHOCTH 
(|)JIyopec^eHTHO^o/xeMHJIKDMIIHec^eHTHO^o curHajia, b 3 pa3a npeBbnnaionjero pa36poc 
4>OHOBoro CHraajia. 

PeracTpaipiio pe3yjibTaTOB HMMy ho aHa jih3 a 6hotokchhob c ncno Jibs o b aHHeM 
rejieBbix mhkp onnno b mokho npoBOflHTb hccko jibKHMH Mero^aMH: no HHTeHCHBHOCTH 
$jiyopecii;eHipiH; no hht6hchbho cth xeMtmioMHHeciieHijHH; Macc-cneKTpoMeTpneH 
HenocpefliCTBeHHo c rejieBbix ajieMeHTOB MHKp onnna. 

IIpH perHcrpaipni pe3yjibTaroB no edhtchchbho cth 4myopecn;eHri;HH ncnojibsyioT 
aHTHTejia npOTHB 6hotokchhob h 6hotokchhbi ? Menemibie (JmyopecqeHTHbiMH 

KpaCHTeJISMH, HanpHMep, TaKHMH KaK TexaccKHH KpaCHBIH, TeTpaMCTHJIp OflaMHH, 
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<J)jiyopecijeHH ? rpiaHHHOBbiH 3 h 5 (Cy3, Cy5), ho, He orpaHHHHBancb hmh. PeracTpaijHio 
(|myopeci^eHTHbix cnrHajiOB c sraeeK MHKp OHHna npoBOA^T c noMombro cjmyopecijeHTHbix 

MIIKpOCKOnOB HJIH CKaHHpyK)IIi;HX MHKpOCKOnOB pa3JIHHHBIX THIIOB, nOSBOJTOOIIJHX 

p erHCTp Hp ob aTt CHTHaji c Hcnojib3yeMOH (JmyopecijeHTHOH MeTKH. 

IIpH perHcrpaijHH pesyjibTaTOB no HHTeHCHBHO cth xeMHJiiOMHHeci^eHi^HH 
HcnonB3yiOT KOH-BioraTbi aHTHTen, 6hotokchhob hjih aBHAHHa Ghothhh jiHp ob aHHBix 
6ejiKOB), HanpuMep, c TaKHMH (J)epMeHTaMH, KaK nepOKCH,zja3a xpeHa, mejioHHaa 
4)OC(J)aTa3a, B-ranaKTOSHflasa, nioHH(|)epa3a 3 ho He orpaHHHHBaacb hmh, ^aioH^HMH 
xeMHJiK)MHHecn;eHTHBie cnrHanbi b pesyjibTaTe cooTBeTCTByfOiipix (J) epMeHTaTHBHbix 
peaKi^HH, nanpHMep, KaTajiHSHpyeMOM nepoKCH#a30H okhcjighhh jiioMHHOJia nepeKHCbio 
BOAopo^a. XeMHjnoMHHecia;eHTHbie cnrHajibi perncrpHpyiOT c noMOHjbio CCD-Kaivrep hjih 
Apyrux perHCTpHpyrcuipix ycrpoHCTB, b nacTHO cth, (JmyopecijeHTHbix MHKp o cko no b npH 
BbiKjiBDHeHHOM HCTO^HHice BOsGyxcAaionjero cBeTa. 

JJpx perHCTparpm pesyjibTaTOB c noMombio MALDI-TOF Macc-cneKTpoMeTpHH 
pa3pa6oTaHa MeTOflinca nojiyneHna MALDI TOF Macc-cneicrpoB Heno cp e#CTB ghho c 
rejieBbix aneeK MHKpoHtma. npoHie^ypa perHcrpaijHH pesyjibTaTOB aHajni3a b 3tom cjiynae 
BKJiiOHaeT o6pa6oTKy MHRponnna pacTBopoM, pa3pyinaionj;HM KOMnjieKC, o6pa30BaHHbin 
HCCJie^yeMbiM 6hotokchhom c hmmo 6hjih3 ob aHHbiM Ha nnne aHTHTejioM npoTHB 3Toro 
TOKCHHa (ajHOHpoBaHiie GnoTOKCHHa c H^efiKH MHKpoHHna), npiiMoft Macc-cneKTpajibHbift 
aHajHis HenocpeACTBeHHO c rejieBoro sjieMenra, h HAeHTHc|3HKaijHio 6noTOKCHHa no ero 
MOJiei-cyjiMpHofi Macce (IIpHMep 2, <J>nr. 2). 

ripHMep 3 noKa3biBaeT pe3yjibTaTbi HMMy ho aHajin3 a 6 pasjiHHHbix 6HOJiorHHecKHx 
tokchhob Ha rH^porejieBbix MHKp o x ninax. Cnoco6 KOJinnecTBeHHoro o6Hapy^ceHHH 
6hotokchhob c Hcnojn>30BaHHeM rHAporejieBbix MHKp OHHno b xapaKxepH3yeTra bbicokoh 
nyB CTBHTe JibHO ctbio , He ycTynaiomeH ny b ctbhtc jibho cth cTaH^apTHbix 
HMMyHonorHHecKHx MeTO^oB: ajik pnuHHa npeAeji o6Hapy>iceHH5i cocTaBHJi 0,1 ht/mji. 

IIpeAJiaraeMbiH cnoco6 KOinraecTBeHHoro o6Hapy>KeHHH 6hotokchhob c 
HcnojibsoBaHneM rH^poreneBbix MHKponHnoB no3BOJiaeT npoBO^HTb o^noBp eMeHHBiii, 
napajiJiejiLHbiii aHajras oGpasi^oB Ha HajiHHHe hcckojibkhx tokchhob, hto pe3KO 
yB ejffiHHB aeT 3(J)(f)eKTHBH0CTb o6Hapy>iceHHH h 3HaHHTejibHO cmDKaeT kojikhcctbo 
Hccjie^yeMoro MaTepnajia: aHaJiH3a ro craTOHHo 20 mkji HCCJie^yeMoro o6pa3u;a. 
MHKpoHHn ajih napajuiejibHoro MHo^cecTBeHHoro aHajiH3a co#ep:>KHT hmmo 6h jih3 o b aHHBie 

aHTHTeJia npOTHB HeCKOJIbKHX TOKCHHOB h/hJIH HeCKOJIbKO HMM06HJIH30BaHHbIX 
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6hotokchhob. B cjiynae npsnvioro HMMyHoaHajrasa peaKijHOHHa* cpe^a coAep^cHT 
o6pa3eu; 3 BKJiioHaiomMH oahh hjih HecKOJibKO aHajiH3HpyeMbix tokchhob, h nocjie 
HHKy 6 aijHH MHKpoHiina c o6pasijoM perciCTpHpyiOT CHraajibi aneeK MHKpoHHna, 
coAepxcaiijHx cooxBeTCTByiorqHe hmmo 6h jih3 o b amibie aHTHrejia. fljin KOHKypeHraoro 
aHajrasa peaKijHOHHaji cpe#a Ha craAHH 6) ^onojiHHTejiBHo coAep>KHT cMecb MeneHbix 
aHTHTeji ko BceM aHajiHSHpyeMBiM GnoTOKCHHaM hjih cmccb Bcex aHajiH3HpyeMBix 
MeneHbix 6hotokchhob. B cjiynae C3H#BHH-HMMyHoaHajiH3a npo^BJieHHe MHRponnna 
nocne iiHKy 6 ai^HH b peaKijHOHHOH cpe#e ? coflepxcamefi oGpaseu;., ocymecTBJiHiOT cMecBio 
MeneHBix aHTHTen nporaB Bcex aHajinsnpyeMbix Ghotokchhob. B ITpHMepe 4 
npoAeMOHCTpHpoBaHO npoBe,n;eHHe o^HOBpeMeHHoro c3HABHH-aHajiH3a 6 pa3JiHHHbix 
6HOJiorHHecKHx tokchhob Ha o^hom MHKpOHHne npn npo^BJieHHH MHRponnna CMecbio 6 
(J)jiyopecu;eHTHO-MeHeHHBix aHTHTen. Hy b ctb htcjibho ctb napajuiejibHoro aHajinsa 
OKa3ajiacb He MeHtme, neM ny b ctbhtg jibho ctb rjw onpeAejrceHHa o^Horo TOKCHHa. 

npn Heo6xoAHMOCTH cra^mo HHKy6aij|HH MHRponnna b peaKH|HOHHOH cpe^e, 
BKjiK)^aiOHi;eH o6pa3en; ? coAep^anjHH noAJiexcamne anaJiH3y 6hotokchhbi (cTa^HH 6) 
npoBO^piT b ycjioBH^x nepeMeniHBaHHH, KOTopoe snaHHrejibHO yMeHBinaeT BpeM* 
npOBe^eHH^ aHajiH3a (IIpHMep 5). IlepeMeiiiHBaHHe mo>kho ocymecTBJiaTb, HanpHMep, 
nyreM nepeKJifoneHiDi HanpaBJieHira noTOKa peaKHHomioro pacTBopa c npsnvtoro Ha 
oGpaxHoe c noMombio HacocoB pa3JiHHHoro rana, y utTp a3 b y ko m p 9JieicTpo(J)ope30M ? ho, He 
orpaHHHHBaacB y Ka3 aHHBiMH cnocoSaMH. 

ITp eiiMymecTB om rH^porejieBbix MHRponnnoB no cpaBHeHHio c oniicaHHMMH b 
jiHTepaType ^ByMepHbiMH nunaMH jiBJiaeTCH rHApo^HJibHoe OKpy^ceHHe 
hmmo 6h jih3 ob aHHbix b rejie MOJieKyn h OTcyTCTBHe KOHTaKxa c rH#po(j)o6HOH 
noB epxHO ctbk) no,a;jio>KKH ? hto ocoGeHHO Ba>KHO #jik GejncoBbix MOJieKyji. rHApocJ)HJibHoe 
oKpy>KeHHe cnoco6cTByeT coxpaHeHHK) GnoJiorHHecKOH aKTHBHO cth 6ejiKOB h 4>epMeHTOB 
h o6ecneHHBaeT hx CTa6njiH3aijHK) npn xpaneHHH. MincpoHHirbi c hmmo 6hjih3 o b aHHbiMH 
aHTHTejiaMH craGHJibHbi, no KpaimeH Mepe, b TeneHHe nojiyro^a npn xpaHeHHH b 
npHcyTCTBHH niHijepHHa npn 10°C (npHMep 6). 

^ajiee H3o6peTeHHe HJunocTpHpyeTca kohkp cthbimh Bonjion^eHHKMH ? KOTopbie 
npHBO^TC^ HCKJiK)HHTejBbHO ajih ijejieH HarjiacAHOCTH. He npeAnojiaraeTca, hto 
npHBO,rpiMbie npHMepbi ^bjihkdtck HcnepnbiB aio iijhmh hjih orp aHiraiB aiOT H3 o 6p eTeHHe 

KOHKpeTHBIMH p aCKpblTBIMH (|)OpMaMH ? H OHeBH^HO, HTO B03MO>KHO MHO^KeCTBO 
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MOAH(J)HKaD;HlI H BapHai^HH, He OTKJIOHHIOmHXCH OT Ayxa H306peTeHH5I H He BblXOA^He 

3a paMKH ^opMyjibi H3 o 6p eTeHHH . 

IIpHMep 1, KoJIHHeCTBeHHMH HMMyHOaHaJIH3 pHMHHa C HCnOJlfc30BaHHeM 
THApOreJieBblX MHKpOHHIIOB 

rn^porejieBbie MHKpoHHnbi, coAep>Kam;He hmmo 6hjih3 ob aHHbie aHTHTejia npoTHB 
prajiHHa h phd;hh, nojiynajiH no paHee 3anaTeHTOBaHHofi TexHOJiornn 
nojiHMepH3ai^HOHHofi hmmo 6hjih3 an,HH [9]. fljig yMeHBineHHa Hecnen;H(|>H*iecKHX 
BsaHMOAeScTBHH bo Bcex BapnaHTax aHannsa MHKpOHHnbi np e,n;B apHTe jtbho 
HHKySHpoBajiH b 0,01 M $oc(J)aTHOM 6yc[)epe, pH 7,2, coflepacameM 0,15 M NaCl, 1 % 
nojiHBiiHHJiOBoro cnnpTa (IIBC-50) hjih 3 % 6biHbero cbiBOpOTOHHoro ajibbyMinia (EGA) 
h 4 % caxapQ3bi ("6jiOKHpoBOHHbiH 6y4)ep"), 2 h npn komh. TeMnepaType. IlepeA 
npOBefleHHeM aHajiH3a pacTBopbi pinjHHa (o6pa3ija) pasGaBJuuin 0,01 M <J)oc<i)aTHbiM 
Gy^epoM, pH 7,2, co^ep^amHM 0,15 M NaCl, 0,15 % IIBC-50 h 0,15 % 
nojiHBHHHJinHppojiH^OHa 360 (HB 11-360). 

IIpHMofi HMMVHoaHajiH3 K MHKpoHHnaM, co,o;ep}Kaii];HM rejieBbie 3jieMeHTbi c 

HMMO 6HJIH3 OB aHHblMH MOHOKJIOHajIbHblMH aHTHTejiaMH npOTHB pHIJHHa Rchl H ApyrHX 

6hotokchhob (aHTHTejia npOTHB CTac|)HnoKOKKOBoro 3HTepOTOKCHHa B S222, aHTHTena 

npOTHB CTOJl6H3HHOrO TOKCHHa 3D2C6, aHTHTejia npOTHB AH(J)TepHHHOrO TOKCHHa 7D9, 

Rim Kompojia nepeKpecrabix BsaHMOfleiiCTBHH (KOHn;eHTpan;Hui hmmo 6hjih3 ob aHHbix b 
rejie aHTHTeji 0,1 mt/mji), AoGaBJi^jin no 20 mkji pacTBOpoB pnijHHa, MeneHHoro Cy3, h 
Bbmep>KHB ajra npn 10°C b TeneHHe hohh. Ilocjie otmbibkh MHKp ohhho b 0,01 M 
^oc^aTHbiM 6y$epoM, pH 7,2, 0,15 M NaCl, 0,1 % Tbhh-20 (15 mhh, komh. 
TeMnepaTypa) H3Mep#jiH hhtchchbho ctb (JjjiyopecijeHTHbix cnrHajioB rejieBbix 3JieMeHT0B 

MHKp OHHHOB . 

fljlfl KOHKVpeHTHOrO aHaJHI3a HCnOJIb30BaJIH MHKp OHHII C HMMO 6HJIH3 OB aHHbIM phu;hhom 

(0, 1 mt/mji). PacTBOp, coAep>Karu;HH onpeflejiKeMbin phijhh, HHKy6HpOBami c pacTBopoM 
Cy3-MeneHHbix MOHOKJiOHajibHbix aHTHTeji npOTHB pnipnia 1RK2 (4 mkt/mji) b TeneHHe 2- 
x h npn 37°C h nepeMeniHBaHHH. CMecb (20 mkji) nocjie HHKy6aipiH HaHOCHJiH Ha 
MHKpoHHn h BbiAep>KHBajiH 2 nac npn 37°. Ilocjie otmbibkh (0,01 M {J)oc(J)aTHbiH 6y$ep, 
pH 7,2, 0,15 M NaCl, 0,1 % Tbhh-20, 15 mhh, komh. TeMnepaTypa) H3Mep*JiH 

HHTeHCHBHOCTb (J)JiyOpeCIi;eHTHbIX CHTHaJIOB . 
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B csHUBHq-BapHaHTe hmmvho aHa jih3 a HsroTaBjiHBajiH mhkp onnnbi c 

HMMO 6hJIH3 O B aHHblMH MOHOKJIOHaJIbHblMH aHTHTCJiaMH IIpOTHB pHIJHHa 1RK2 H £pyrHX 

6hotokchhob (aHTHTejia npoTHB CTacf)HJioKOKKOBoro SHTepoTOKCHHa B S222, aHTHTejia 

npOTHB CTO JiGhHHHOTO TOKCHHa 3D2C6, aHTHTejia npOTHB AH(|)TepHHHOrO TOKCHHa 7D9, 
£JI5I KOHTpOJI* nepeKpeCTHblX B3aHMOfleHCTBHH (KOHU;eHTpaiJ^H HMMO 6HJIH3 OB aHHBIX B 

rejie aHTHTen 0,1 mt/mji), Ao6aBJiHJiH 20 mkji pacTBopa pnijHHa, h nimbi HHKyGnpoBajiH 
npH 10°C b TeneHHe hohh. Ilocjie Kp aTKO Bp eMeHHo h (15 mhh) otmbibkh 0,01 M 
4)oc4>aTHLiM 6y(J)epoM 3 pH 7,2, 0,15 M NaCl, 0,1 % Tbhh-20, MHKp ohhiibi npo^BjiajiH 
Cy3 -MeneHHBiMH aHTHTejiaMH 1RK1, cneLpacjjiHiHMMH k #pyroMy smrrony aHTHreHa, 20 
MKr/Mjr (4)jiyopecu;eHTHaa ReTeKupx), 40 mhh, komh. TeMnepaTypa. Ilocjie otmbibkh (0,01 
M $oc4»aTHbiH 6yc£>ep, pH 7,2, 0,15 M NaCl, 0,1 % Tbhh-20, 15 mhh, komh. 
TeMnepaTypa) H3Mep^jni HHTeHCHBHOCTb (Jmyope^enrabix cpiraajiOB. IIpH 

XeMHJIIOMHHeCIjeHTHOH fleTeKI^HH Ha MHKp OHHII nOCJie B3aHMOAefiCTBHH C pHHiHHOM 

HaHocHjiH 20 mkji 6hothhhj[hp ob aHHBix aHTHTeji npOTHB pHUHHa 2RK1 c KOHii;eHTpaijHeH 
40 mkt/mji, a 3aTeM 20 mkji KOHBiorara aBH^HHa c nepoKCH3a3ofi xpeHa c KOffljeHTpanHeii 
45 mkt/mji h xeMHJiK)MHHeci]|eHTHi>ie cyGcTpa™ nep0Kcima3bi (jiiomhhoji, H 2 0 2 ); 
^exeKTHp o b a jth xeMH jik> mhh e en; eHTHbiii cnrHaji b TeneHHe 60 ceK. 

AHTHTejia npOTHB pmpma h pnipiH, MeneHHbie Cy3, a Taioice 
6hothhhjihp ob aHHHbie aHTHTejia h KOHbioraT aBH^HH-nepoKCH^asa nojiynajiH no 
H3BecTHbiM MeTO^HKaM, onHcaHHtiM, HanpHMep, B [15]. 

[15] G.T. Hermanson, Bioconjugate Techniques, Academic Press, San Diego, 1996. 
JJjm H3MepeHHH (J)jiyopecn;eHTHBix cHraajiOB Hcnojn>30BajiH 4)jryopecn;eHTHBifi MincpocKon, 
CHa6>KeHHbiH CCD KaMepoS h ko MntiOTep hbimh nporpaMMaMH rjix BHsyajiHsamnn 
H3o6pa>iceHH^[ h o6pa6oTKH nojiyneinibix #aHHbix, pa3pa6oTaHHbiH b jia6opaTopHH 
6hohhhob HMB PAH [16]. 

[16] V. Barsky, A. Perov, S. Tokalov, A. Chudinov, E. Kreindlin, A. Sharonov, E. Kotova, 
A. Mirzabekov, Fluorescence data analysis on gel-based biochips, J. BiomoL Screening, 
2002, 7, 247-257. 

MmcpocKon nosBOJiseT o^HOBpeMeHHo aHajM3Hp ob aTb flamibie co Bcex 3jieMeHT0B 
MHKpoHHna h nojiynarb ^ByMepHoe h TpexMepHoe H3o6pa>iceHH£ 4 )Ji y°P ecLI i eii ' rHOro 
CHTHajia c rejieBbix sjieMemroB. ^jih H3MepemiK xeMHJiK)MHHecn;eHTHbix cnrnajiOB 
Hcnojn>30BajrH tot >Ke (J)jiyopecn;eHTHBiH MHKpocKon c BbiKJironeHHbiM hctohhhkom 

B 03 6y>K^eHHH . 
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fljIK BCeX BapHaHTOB aHaJ!H3a CTpOHJIH rpa(J)HK SaBHCHMOCTH HHTCHCHBHO CTH 

{J)jiyopecu;eHu;HH hjih xeMHjnoMHHe^eHi^H ot KOHi^eHTp ai^HH pHipoia b pacTBope 
(<3>hi\ 1) npe^eji o6Hapy^ceHHH pui^HHa paccnHTbiBajiH KaK ko hijchtp aijiiio , 
co otb eTCTBy K) m,y K) hhtchchbhocth CHraaJia, b 3 pa3a npesbiiiiaiomero pa36poc 
cjDOHOBoro CHTHaira. 

fljiH npHMoro aHajiH3a pHijHHa Ha6jno#ajiH 3 aB hchmo ctb hhtchchbho cth 
4)jiyopecu;eHti;HH rejieBBix nneeK MHKp oniina ot KOHijeHTpaijHH Cy3-MeneHHoro pnijHHa b 
#Hana30He KOHi^eHTp ai^HH 0,2-500 ht/mji, jiHHeimaa: 3 aB hchmo ctb Ha6jiK)flajiacb b 
^nanasoHe ko huchtp ai^Hii 0,2-60 Hr/ivra (Oht. 1A), npe^eji o6Hapy>iceHHH cocTaBHJi 0,2 
ht/mji. 

B cjiynae KomcypeHTHoro aHajnisa hhtchchbhoctb (JjjiyopecijeHijHH rexteBbix nneeK 
MHKpoHima 6bma o6paTHO nponopijHOHajibHa ko hi^ e HTp aijiiH pHi^HHa b pacTBope (<Dht. 
IB), h npe^eji o 6 h ap y >Ke huh cocTaBHJi 4 ht/mji. 

KajiH6poBOHHBie rpa(J)HKH fljra C3HABHH-aHajiH3a pHHHHa c (JjjiyopecijeHTHOH H 
xeMPijTOMHHec^HTHofi ^eTeKi^HCH noKasaHbi Ha Oht. 1 B h T. 3 aBHCHMO ctb 
hhtchchbho cth jiy op ecijeHipiii h xeMHJnoMHHecu;eHi^HH rejieBBix MeeK MHKp OHHna ot 
KOHineHTpaipiH pHi^HHa Ha6jiK)AajiH b A^anasoHe KOHii;eHTpai^HH pHi^HHa 0,1-500 ht/mji 
((^)jiyopecLi;eHTHa5i hctcki^hk) h 0,7-500 ht/mji (xeMHJiiOMHHCCi^eHTHaH ^eTeKijHa). BpesKa 
Ha Oht. IB hjijikd CTpnpy ct onpe^eneHHe npe^ejia AeTeKipm: nymcrapHaa jihhhk 
cooTBeTCTByeT hhtchchbhocth (^jiyopecijeHHHH, b TpH pa3a npeBbiinaiomeH pasGpoc 

(J)OHOBOrO CHTHaJia, TaKHM 06pa30M, HaHMeHbHiaH KOHI^CHTpaiJHH pHUiHHa, naAe>KHo 

onpeAejraeMaa ^aHHBiM mctoaom, cocTaBJiaeT 0,1 ht/mji. ^jih HMMy ho $ ep mchthoto 
aHajiH3a pnijHHa Ha MHKpoHHne c xeMHJiK)MHHecu;eHTHOH AeTeKi^Hefi npe^eji 
o6Hapy^ceHHH 6biji 0,7 ht/mji. 

Ilpn AaHHbix ycjiOBHHX npoBe^eHH^ aHajinsa, b hbctho cth, npH Hcnojn>3yeMbix 
HaMH npoijeAypax 6jiokhpobkh h otmbibkh MHRponnnoB, Hecneipi^HHecKHe cnrHajibi, 
T.e., cnrHajibi ot iineeK MHRponnna, coAep^KanjHx aHTHTCJia k flpyrHM TOKCHHaM, He 

OTJIHHaJIHCb OT (J)OHOBbIX HJIH OT CHTHaJIOB nyCTblX TejieBblX 3 JICMeHTOB . 

Hpniviep 2. HAeHTHc|)HKaijH5j 6ejiKOB Ha rejieeoM 3JieivieHTe MHKpoHHna nyTeivi 
npflMoro Macc-cneKTpajibHoro aHajiH3a. IIpHivioH aHajiH3 cTa<j)HjioKOKKOBoro 
3HTepoTOKCHHa B Ha MHKpoHHne c Macc-cneKTpajibHofl peracTpai^Hefi 
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HsroTOBJieH mhkpohhii, coAep^cam;HH b rejieBbix Hneincax hmmo 6hjih3 o b aHHbie 

MOHOKJTOHaJIBHbie aHTHTeJia K CTatJlHJIOKOKKOBOMy 3 HTep OTO KCHHy B S222 (0,1 MKT 

aHTHTeji/>iHefiKa rejra). TTocjie nojiHMepH3aij;HH MUKponnn np o mbib ajin 0,01 M 
(J)oc4)aTHbiM 6y4>epoM, co#ep>Kaiu;HM 0,15 M NaCl, 0,1 % Tbhh-20, npii nep eMeuixm aHHH 
b TeneHHe 1 ^ac (20°C). MnKponnn HHKy 6np ob ajin c pacTBopoM CTacJmjioKOKKOBoro 
SHTepoTOKCHHa b 0,01 M <J)oc4)aTHOM 6y(|)epe 7 pH 7,2, coAep>Kam;eM 0,15 MNaCl (20 nac, 
20°C), h flajiee oTMBiBajiH ot Hecneu;H(J)HHecKii CB^3aBinerocH c rejieM 6ejiKa CHanajia 
o6pa6oTKOH 0,01 M (J)oc$aTHbiM 6y$epoM, pH 7,2, coAepxcameM 0,15 M NaCl, 0,1 % 
Tbhh-20 (2 naca npH nepeMeniHBaHHH, 20°C), saTeM BOflofi. IlepeA npOBe^eHHeM Macc- 
cneKTpajitHoro aHajiH3a pa3pyinajin KOMnjieKC aHTHreH- aHTHTeno h ajnonpoBajiH aHTiireH 
Ha noBepxHOCTb rejin ^oGaBiteHHeM b Ka>Kflyio HHefiKy mhkp o Huna 1 mkji HacbimeHHoro 
pacTBopa MaTpHiiibi rjix MALDI MOHHTopHHra (cHHaniiHOBan KncjioTa) b pacTBope 10% 

MypaBBHHOH KHCJIOTbl B 30%-HOM BO^HOM aijeTOHHTpHJie. MHKpOHHH B hlR epyKHB 3JIH 20 

mhh npH KOMHaTHofi TeMnepaType bo BJia>KHOH KaMepe, saTeM BbicyniHBajiH Ha 
HarpeBaTejibHOM crojinKe npH 40°C. 

Macc-cneicrpbi, nojiyneHHbie HenocpeACTBeHHO c rejieBbix sjigmchtob mhkp o HHna, 

nOCJie B3aHMOAeHCTBMH C paCTBOpaMH CTa(|)HJIOKOKKOBOrO TOKCHHa paSJIHHHOH 

KOHii;eHTpanxm, noKasaHbi Ha <E>hi\ 2. CracJmjioKOKKOBbiH 3HTepOTOKCHH B 
HAeHTH(J)iii],HpoBajiH no ero MOJieicyjuipHOH Macce, paBHoft 28400 fla. Kaic bh^ho H3 
pncyHKa, Ha6niOAaeTCH ko jitinecTB eHHan KOppejraijHa: Moiety a6cojiK>THOH 

HHTeHCHBHOCTbK) nHKOB MOJieKyJIflpHblX HOHOB H KO HHeHTp ai^Hefi SHTepOTOKCHHa B 

HHTepBajie KOHiieHTpaijHH 1-100 mkx/mji. Mace cnercrpbi c rejieBbix *neeK, He 
co^ep^Kanpix arcraTejia k 3TOMy TOKCHHy, ho HHKy 6np ob aHHbix c pacTBopoM arcrareHa, He 
co^ep^cajiH BbinieynoM^HyTbix iihkob. 

IIpHMep 3. KojlHHeCTBeHHblH HMMyHOaHaJlH3 pa3JIHMHbIX SHOJIOrHHeCKHX TOKCHHOB 
C HCnOJIb30BaHHeM THApOreJieBBIX MHKpOHHIIOB 

Pe3yjibTaTbi KOJiH^ecTBeimoro HMMy ho aHa jih3 a pasjinrabix GnojiorHHecKHx 
tokchhob Ha rejieBbix MHKp oHHnax, nojiyneHHbix MeTo^OM nonHMepHsai^HOHHOH 
hmmo 6hjih3 annua, noicasaHbi b Ta6jinu;e 1. KpoMe HMMyHoaHajiH3a pnipma, onncaHHoro b 
npHMepe 1, 6biJi npoBe^eH aHajiH3 BHCKyMHHa, cTac|)HJiOKOKKOBoro 3HTepoTOKCHHa B, 
CTOii6HaHHoro TOKCHHa, AH^TepHHHoro TOKCHHa h jieTanbHoro (|)aKTopa 

CH6Hp eH3B eHHOTO TOKCHHa. IIpilMOH, KOHKyp eHTHblH H C3H^BHH-HMMyH0aHajIH3 c 
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(j3jiyopecu;eHTHOH h xeMHJifOMiiHeci^eHTHofi perHCTpaipiefi npoBO^HJiH no MeTOAPncaM, 
onncaHHbiM b FIpHMepe 1, c HcnojibSOBaHHeM aHTHTeji, yKa3aHHbix b TaGjnme L B 
Ta6jinu;e 1 TaioKe yicasan HHTepBajr kohi^ghtp aij,HH, npn KOTOpoft Ha6jiioAajiH 
3 aB hchmo ctb hhtchchbhocth (|).jiyopecijeHTHoro hjih xeMHjnoMHHecijeHTHoro ci-irHajia 
rejieBBix nneeic MHKpoHHna ot KOHijeHTp auxiH 6noTOKCHHa; hh^echhh npe^eji HHTepBana 
cooTBeTCTByeT npe^ejiy o6Hapy>i<eHH5i ? paccHHTaHHOMy KaK onncaHO b IIpHMepe 1 . 

Hpniviep 4. OAHOBpeivieHHbiH aHajiH3 hcckojibkhx Shotokchhob Ha oahom 
MHKpoHnne OcHOBHoe npeHMymecTBO MHKp ohihiob nepeA TpaflHijHOHHbiMH MeTO^aMH 

KCMMy HO aHaJIH3 a - 3TO B03MOKHOCTB KOJIH^ieCTBCHHOrO aHaJIHSa o6pa3U;OB O^HOBpeMeHHO 

Ha HanHHHe hcckojibkhx aHTHreHOB. riojiyneHbi MHKpoHHnbi c reneBbiMH 3 jieMCHTaMH, 

COAep^CamHMH HMMO 6HJIH3 O B aHHbie aHTHTeJia K 6 6HOTOKCHHaM (pHIJIIH, BHCKyMHH, 
CTa<J)HJIOKOKKOBbIH 3HTep OTOKCHH B 3 CTOJl6HHHHbIH TOKCHH, AH^TepHHHblH TOKCHH, 

jieTajibHbifi fyaKTop cH6npeii3BeHHoro TOKCHHa). Ilocjie Hmcy6aijHH MHKpoHHna c 
pacTBopoM, coflep>icam;HM oahh hs HCCJie^yeMbix tokchhob, MincpoHHn npo#BJi5DiH 
CMecbio Cy3-MeneHHbix btophhhbix aHTirreji npOTHB Bcex 6 tokchhob (<J>ht. 3). Ilapbi 
aHTHTeji RJift napajijiejibHoro aHajiHsa HecKOJibKHx tokchhob no^GnpajiH TaKHM o6pa30M, 
hto6h HecneiiiH^HHecKoe B3aHMO,a;eHCTBHe c ApyrHMH TOKCHHaMH h aHTHTejiaMH 6bijio 
MHHHMaJibHbiM. HanpHMep 3 b cnynae napajijiejibHoro aHajiH3a aHTirrejia npoTHB pnnHHa 
1RK1 HcnoiEbsoBajiH b KaHecrae hmmo 6hjih3 o b aHHbix, a aHTHTejia Rchl - b KanecTBe 
npo^BJiHK)iu;Hx 3 a He Hao6opOT, KaK b npHMepe 1 Rim c3H#BHH-aHajiH3a, TaK KaK 
HMMo6njiH30BaHHbie aHTHTejia Rchl AaBajiH HecneipicjDHHecKHe cnrHajibi c Cy3- 
MeneHHbiMH aHTHTejiaMH npOTHB cTa(J)HJioKOKKOBoro 3HTep oTOKCHHa B SEB 643. 
Ha6nio,n;ajiH #pKHe (JmyopecijeHTHbie cnrHaiobi b rejieBbix sneMeHTax, co,a;ep>Kaiu;HX 
cooTBeTCTByK)ru;ne aHTHTejia. npe^ejibi o6Hapy>KeHHa 6hotokchhob jijist napajijiejibHoro 
aHajiH3a oKa3ajincb TaKHe >ice ? KaK h npn onpeAejieHHH Ka>K,o;oro TOKCHHa b OT,n;ejibHOCTH 
(Ta6jiHii;a 1). 

HpHiviep 5. YcKopeHHe HMMyHoaHajiH3a 6noTOKCHHa npn ncnojn>30BaHHH 
nepeMeuiHBaHHH aHajiH3Hpyeivioro o6pa3ija 

C3HABH^-HMMyHOaHaJIH3 pHUHHa npOBOAHJIH KaK OUHCaHO b npHMepe 1, HO 

MHKpOHHiibi HHKy 6np ob anH c pacTBOpaMH pmjHHa b TeneBoae 1 nac npn nep eMeniHB aHHii . 
riep eMeniHB anne ocymecTBJitfjin c noMombio nepHCTajibTH^ecKoro Hacoca. Rjm sroro 
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MHKpOHiin noMemajiH b npoTOHHyio KaMepy o6teMOM 50 mkji, cHa6^ceHHyio Tpy6KaMH 
rjul noflann o6pa3u;a. KaMepy np hco c^hhk jih k nepiiCTajibTHHecKOMy Hacocy, h b ciicreMy 
noMemanH 100 mkji pacTBopa pui^HHa. OGpasen; nepeMeniHBajiH, nepeKjnonaH 
HanpaBJieHne noTOKa c np^Moro HanpaBjieHH* Ha o6paTHoe Ka^Bie 2 cex; cKopocTb 
noTOKa 6BiJia 1,5 mji/mhh. O^HOBp eMeHHo npOBo^HJiH aHajiH3 c nepeMeniHBaHHeM Ha 6 
MHKpoHimax, T.e. H3MepeHne 6 o6pa3u;oB c p a3 jihhhbimh ko hijchtp aipuiMH pni^HHa. 

IloCJie HHKy6aHiHH MHKp OHHEIBI npOHBJI^JIH Cy3-MeHeHHBIMH BTOpHHHBIMH aHTHTeJiaMH 

npoTHB pnijHHa. KajiH6poBOHHBiH rpa(J)HK ajih onpe^eneHHH pm^HHa MeTOflOM cshabhh- 
HMMy ho aHa jih3 a c nep eMemnB aHHeM b Tenem-ie 1 nac 6biji aHanorHHeH Kajra6poBO T iHOMy 
rpa(J)HKy npn npOBe#eHHH c3H,o;BHH-aHajiH3a c HHKy6aii;HeH b TeneHHe hohh 6e3 
nepeivieuiiiBaffliM (Our. IB). TaKHM o6pa30M, ocymeerBjieHiie nepeMeiiiHBaHHfl o6pa3ua 
no3BOJiHJio cym;ecTBeHHO coKpaTHTB BpeM^ HMMyHoaHajnisa c HcnojiBSOBaHHeM 

MHKpOHHEIOB . 

IIpHMep 6. CTa6HJlBHOCTb THAporejieBBIX MHKpOHHIIOB C HMM06HJlH30BaHHWMH 

aHTHTejiaMH 

EblJIH H3rOTOBJieHBI MHKpOHHTIBI C HMMO 6ll JIH3 O B aHHBIMH aHTHTCJiaMH npOTHB 

pHijHHa, icaK omicaHO b IIpHMepe 1. MmeponnnBi xpaHHJin npH 10°C bo BjiaacHOH KaMepe 
b npHcyrcTBHH 20% rjnnj;epHHa. npoBOAHjin c3H#BHH-aHaJiH3 pinpiHa c (JmyopecijeHTHOH 
perHCTpai^Hefi, CTpomra KajinGpoBOHHyio KpHByio "hhtchchbhoctb (JmyopecijeHTHoro 
cnrHajia - KOHijeHTpaipia pHipma b pacTBope" h onpe^ejifljiH npe^eji o6Hapy^ceHPm 
pnijHHa, KaK oniicano b npHMepe 1 . ripe^eji o6Hapy>Kemra pHijHHa Ha MmcpoHHnax nocjie 
6 Mec. xpaHeBDaa oKasajica 0,1 bt/mji, T.e. TaKofi ace, KaK flJi# MHRponnnoB 
Henocpe^CTBeHHO nocjie H3roTOBJieHH£. TaKHM o6pa30M, MHKp ohuhbi c 

HMMO 6HJIH3 OB aHHBIMH aHTHTeJiaMH nOJIHOCTBK) COXpaHHIOT CBOK) aKTHBHOCTB B TeHeHHe, 

no KpaHHeH Mepe ; 6 Mec. xpaneHHH. 
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OOPMYJIA H30BPETEHH5I 

1. Cnoco6 KonH^ecTBeHHoro oSHapyxceHHH 6hotokchhob b o6pa3u;e ? 

npe/iycMaTpHBaiomHH: 
a) H3roxoBJieHHe GnojiorHHecKoro MHKpowia, npe^CTaBJiHiomero co6oh 
ynopsAoneHHBiH MaccHB TpexMepHBix rHAporeneBBix nneeK Ha TBepAOH noAHOKKe, 

nOJiy^eHHBIX MeTO^OM 4>OTO- KITH XHMHHCCKH HH^yi^HpOBaHHOH IIOJIHMepH3aiI|HH H 
CO^ep^amHX HMM06li J1H3 OBaHHBie aHTHTeJia K pa3HHHHBIM 6HOTOKCHH8M 

SaKTepHajiBHoro, pacTHTeJiBHoro h acHBoraoro npoHcxo^eHHH hjih Shotokchhbi, 
npHneM b KaacAOH oraejiBHoii HHeince HMMo6HJiH30BaHo aHTHTeno k 

HHAHBHAyaJIBHOMy SHOTOKCHHy HJIH HHAHBHJjyaJIBHBIH ShOTOKCHH; 

6) HHKy 6 au;Hio MHKpoHHna b peaianHOHHOH cpe#e, BianonaiomeH o6pa3eu; 9 
coAep>Kaui;HH noflJieacanpie aHajiH3y Shotokchhbi, o6pa30BaHHH HMMy h hbix 

KOMIIJieKCOB GHOTOKCHH-aHTHTeJIO, KOTOpyK) npH Heo6xOflHMOCTH npOBOflHT B 

ycjioBiiax nepeMeuiHBaHHa; 
e) ^eTeKiiHio o6pa30BaBmeroc5i KOMnjieKca; 
z) KOJiHHecTBeHHoe o6HapyaceHHe aHajni3HpyeMoro 6HOTOKCHHa. 

2. CnocoS no n. 1, b kotopom HMMo6HJin30BaHHi>ie aHTHTena npeflCTaBJiaioT coSoh 
aHTHTeJia, BfciSpaHHBie H3 rpynnbi aHTHTen k pHUHHy, BHCKyMHHy, 

CTa^HJIOKOKKOBOMy SHTepOTOKCHHy B, CTOJl6H3HHOMy TOKCHHy, ^(pTepHHHOMy 

TOKCHHy, jieTanbHOMy ^aicropy cH6Hpe«3BeHHoro TOKCHHa. 

3. Cnoco6 no n. 1, b kotopom HMMo6HJiH30BaHHbie Shotokchhbi npeflCTaBJUiioT co6oh 

ShOTOKCHHBI, BBl6paHHBie H3 rpyimfcl, BKJHOHatOIHeH • pHHHH, BHCKyMHH, 
CTa(pHJIOKOKKOBBIH SHTepOTOKCHH B, CTOJBDHHHHHH TOKCHH, ^(pTepHHHBBT TOKCHH, 
JieTaJIBHBIH CpaKTOp CH6HpeH3BeHHOrO TOKCHHa. 

4. Cnoco6 no n. 1, b kotopom .fleTeKHHK) o6pa30BaBraeroca KOMnneKca Ha cTaflHH e) h 
nocne^yiomee KOJiHHecTBeHHoe o6Hapy>KeHHe Ha craHHH z) npOBomrr b (popMare 
npjiMoro HMMyHoaHanH3a. 

5. Cnoco6 no n. 1, b kotopom peaKHHOHHaa cpejja Ha craflHH 6) aonojiHHTejiBHO 
coflepacHT aHTHTena k SnoTOKCHHy, H .flercKmno o6pa30BaBinerocs KOMnneKca 

MeB^iy HMM06HJIH30BaHHBIM Ha MHKpOHHne 6HOTOKCHHOM H aHTHTejIOM HpOTHB 

3Toro 6noTOKCHHa Ha craHHH e) h nocjieayiomee KOJiHHecTBeHHoe oSHapyaseHHe Ha 
CTaflHH z) npoBOAST b (popMare KOHKypeHTHoro HMMyHoaHanH3a. 
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6. Cnoco6 no n. 1, b kotopom peaionroHHaJi cpe#a Ha CTainni 6) flonojiHtrrejitHO 
co^epacHT MeneHBiH 6hotokchh, h fleTeKUHio o6pa30BaBnieroca KOMnjieKca MOicny 

HMM06HJIH30BaHHHM Ha MHKpOHHne aHTHTejIOM H 6HOTOKCHHOM Ha CTaflHH e) H 

nocjie^yiomee KOJinnecTBeHHoe o6Hapy5Kemie Ha cTaffHH z) npoBOflaT b <|»opMaTe 
KOHKypeHTHoro HMMyHoaHanH3a. 

7. CnocoS no n. 1, b kotopom fleTeKinno o6pa30BaBmeroca KOMnneKca Ha cTa#HH e) h 
nocjie«yionj;ee KOJiHHecTBeHHoe oGHapyaceHHe Ha craflHH a) npoBo^aT b cpopMare 

C3HflBHH-HMMyHOaHaJlH3a. 

8. Cnoco6 no n. 1, b kotopom KonnnecTBeHHoe o6Hapy5Kemie 6HOTOKCHHa 
ocymecTBJiaioT nyTeM npoBefleHHH CTaflnft a) - e) c HSBecTHHMH KOHneHTpaniMMH 
aHanH3HpyeMoro 6noTOKCHHa h nocrpoeHna KanH6poBOHHoft 3aBHCHMOCTH, no 
KOTopott onpeaejiaioT kojikhcctbo aHanraHpyeMoro 6noTOKCHHa b o6pa3ne. 

9. Cnoco6 no n. 1, b kotopom Ha cTaflHH e) fleTeianno o6pa30BaBinerocH KOMnjieKca 
ocymecTBnaioT 4>jiyopHMeTpHHecKH, xeMHJiioMHHOMeTpHHecKH hjih Macc- 
cneicrpoMeTpHHecKH . 
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